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LETTER  OF  TRANSMITTAL 


U.  S.  Department  of  Agriculture, 

Bureau  op  Chemistry, 
WasUngtony  D.  C,  May  4, 1911. 
Sir:  I  have  the  honor  to  transmit  for  your  approval  a  report  on 
an  investigation  which  I  have  made  of  the  food  laws  of  Great  Britain 
and  their  administration.  Due  acknowledgment  is  made  to  Dr. 
G.  S.  Buchanan,  Acting  Chief  Inspector  of  Foods  of  the  Local  Govern- 
ment Board,  as  well  as  to  E.  G.  Haygarth  Brown,  Esq.,  Superin- 
tending Inspector,  Board  of  Agriculture  and  Fisheries  of  Great 
Britain,  for  the  aid  which  they  have  given  me.  I  recommend  that 
this  report  be  published  as  Bulletin  No.  143  of  the  Bureau  of  Chem- 
istry. 

Respectfully,  F.  L.  Dunlap, 

Acting  Chief. 
Hon*  James  Wilson, 

Secretary  of  AgricvUure. 
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THE  FOOD  UWS  OF  THE  UNITED  KINGDOM  AND 
THEIR  ADMINISTRATION. 


nrTBODxrcTiov. 

LIST  OF  BHaUSH  FOOD  IJLW8. 

The  food  and  drugs  act  of  the  United  States,  enacted  June  30,  1906, 
deals  not  only  with  foods  and  drugs  which  enter  interstate  com- 
merce or  are  sold  within  the  District  of  Columbia  or  the  Territories, 
but  also  with  those  products  which  are  either  exported  or  imported. 
As  far  as  exports  are  concerned  the  food  law  provides: 

(Sec.  2.)  That  no  article  shall  be  deemed  misbmnded  or  adulterated  within  the 
providonB  of  this  act  when  intended  for  export  to  any  foreign  country  and  prepared 
or  packed  according  to  the  specifications  or  directions  of  the  foreign  purchaser  when 
no  substance  is  used  in  the  preparation  or  packing  thereof  in  conflict  with  the  laws  of 
the  foreign  country  to  which  said  article  is  intended  to  be  shipped    *    *    *. 

Food  and  drug  imports  coming  into  the  United  States  are  subject 
to  examination  on  the  part  of  the  Secretary  of  Agriculture  in  order 
to  determine  whether  or  not  they  are  adulterated  or  misbrandedi 
and  (sec.  11) — 

*  *  *  if  it  appear  from  the  examination  of  such  samples  that  any  article  of  food  or 
drug  offered  to  be  imported  into  the  United  States  is  adulterated  or  misbranded  within 
the  meaning  of  this  act,  or  is  otherwise  dangerous  to  the  health  of  the  people  of  the 
United  States,  or  is  of  a  kind  forbidden  entry  into,  or  forbidden  to  be  sold  or  restricted 
in  sale  in  the  country  in  which  it  is  made  or  from  which  it  is  exported,  or  is  otherwise 
^Ueely  labeled  in  any  respect,  the  said  article  shall  be  refused  admission,  and  the 
Secretary  of  the  Treasury  shall  refuse  delivery  to  the  consignee    *    ♦    *. 

If  section  11  of  our  national  law  is  to  be  strictly  enforced  a  thor- 
ough working  knowledge  of  the  foreign  food  laws  and  their  various 
regulations  is  necessary.  Acquaintance  with  the  methods  of  admin- 
istration is  also  desirable.  The  problems  ar6  much  the  same  in  all 
countries  where  a  serious  attempt  is  made  to  combat  the  adulteration 
and  misbranding  of  food  and  drugs;  hence  much  of  value  may  be 
learned  by  a  study  of  the  foreign  food  laws  and  their  administration. 
Some  of  the  laws  which  are  in  operation  now  in  the  United  Kingdom 
goveming  the  sale  of  foods  date  hack  to  the  early  part  of  the  eight- 
eenth century.  However,  most  of  them,  and  also  those  covering 
96706**— Bull.  14^-11 2  T 
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8  FOOD  LAWS  OF  THE  UNITED  KINGDOM. 

different  types  of  drugs,  were  passed  much  later.    The  following  is 
a  list  of  these  laws  now  in  force,  with  the  dates  of  their  passage: 

1.  Coffee  act,  1718. 

2.  Coffee  and  tea  act,  1724. 

3.  Coffee  and  tea  act,  1730. 

4.  Tea  act,  1776. 
6.  Bread  act,  1836. 

6.  The  sale  of  food  and  drugs  act,  1875. 

7.  The  sale  of  food  and  drugs  act,  1879. 

8.  The  margarine  act,  1887. 

9.  The  sale  of  food  and  drugs  act,  1899. 

10.  Butter  and  margarine  act,  1907. 

11.  Fertilizer  and  feeding  stuffs  act,  1906. 

12.  Public  health  (regulations  as  to  food)  act,  1907. 

13.  Merchandise  marks  acts,  1887-1894. 

Nos.  6  to  10,  inclusive,  are  known  collectively  as  the  sale  of  food 
and  drugs  acts,  1876-1907. 

The  most  important  of  these  acts  now  operative  in  England,  Scot- 
land, and  Ireland,  as  far  as  foods  and  drugs  are  concerned,  are  the 
sale  of  food  and  drugs  act  of  1875  and  its  amendments,  the  margarine 
act  of  1887,  and  its  amended  form  as  passed  in  the  butter  and  mar- 
garine act  of  1907. 

DEFINITION  OF  TBBXS. 

In  the  sale  of  food  and  drugs  act,  1899,  the  term  ''food''  is  defined 
as  including  "every  article  used  for  food  or  drink  by  man,  other  than 
drugs  or  water,  and  any  article  which  ordinarily  enters  into  or  is 
used  in  the  composition  or  preparation  of  human  food;  and  shall  also 
include  flavoring  matters  and  condiments."  (The  sale  of  food  and 
drugs  act,  1899,  sec.  26.)  This  definition  of  "food"  is  in  some  senses 
more  restricted  than  the  definition  in  the  United  States  food  and 
drugs  act,  which,  by  use  of  the  phrase  "or  other  animals,"  includes 
those  substances  used  as  food  by  horses,  swine,  poultry,  etc.  In  order 
to  cover  this  field  in  Great  Britain  and  Ireland,  the  fertilizers  and 
feeding  stuffs  act  of  1906  was  enacted,  and  includes  among  the  ani« 
mals  to  which  it  applies  cattle  and  poultry,  "the  term  'cattle,'  for 
the  purpose  of  this  act,  meaning  'bulls,  cows,  oxen,  heifers,  calves, 
sheep,  goats,  swine,  and  horses.'"  (The  fertilizers  and  feeding  stuffs 
act,  1906,  sees.  1  and  10.) 

In  the  sale  of  food  and  drugs  act,  1875,  the  term  ''food"  was 
defined  so  as  to  "include  every  article  used  for  food  or  drink  by  man 
other  than  drugs  or  water"  (sec.  2).^    In  1894  the  English  courts 
held  that  a  baldng  powder  composed  of  bicarbonate  of  soda,  alum, 

1  Note  the  similarity  in  the  definition  of  "  food  "  in  the  United  States  law:  "  include  aU  articte  and 
for  loodi  drink,   ♦   ♦   ♦   bynum   ♦   ♦   V 
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and  rice  was  not  a  food  within  the  meaning  of  the  act.  In  order  to 
broaden  the  definition  so  as  to  include  such  substances  as  baking 
powder,  the  phraseology  as  already  indicated  was  adopted  in  the  act 
of  1899. 

The  food  law  of  the  United  States  follows,  in  certain  particulars, 
quite  closely  the  wording  used  in  the  act  of  1875  in  its  definition  of 
the  word  ''food."  In  section  6  of  the  food  and  drugs  act  the  term 
'*food*'  is  defined  so  as  to  include  ''all  articles  used  for  food,  drink, 
confectionery,  or  condiment  by  man  or  other  animals,  whether  sim- 
ple, mixed,  or  compound."  The  italicized  portion  of  this  definition 
is  identical  with  the  wording  of  the  act  of  1876. 

Under  the  Federal  law  all  articles  whether  used  per  se  or  not  for 
food  are  considered  as  coming  within  the  above  definition,  thus 
including  articles  such  as  flour,  baking  powder,  coal-tar  dyes,  etc. 
In  this  connection  it  is  interesting  to  note  the  definition  of  misbrand- 
iog  as  found  in  section  8,  which  provides  "That  the  term  'mis- 
branded,'  as  used  herein,  shall  apply  to  all  articles  of  *  *  ''^ 
food,  or  articles  which  enter  into  the  composition  of  food,  »  »  ♦ 
etc."  No  such  phraseology  as  that  italicized  is  found  in  the  adulter^ 
ation  section,  section  7. 

In  the  sale  of  food  and  drugs  act,  1875,  the  term  "drug"  includes 
'* medicine  for  internal  or  external  use"  (sec.  2).  This  definition  was 
not  modified  by  the  1899  amendment.  It  is  not  so  broad  as  the 
definition  given  in  the  United  States  law,  according  to  which  "all 
medicines  and  preparations  recognized  in  the  United  States  Phar- 
macopoeia or  National  Formulary  for  internal  or  external  use,  and 
any  substance  or  mixture  of  substances  intended  to  be  used  for  the 
cure,  mitigation,  or  prevention  of  disease  of  either  man  or  other 
animals,"  are  subject  to  this  act. 

The  same  question  has  arisen  imder  the  Engfish  law  as  will  doubt* 
less  arise  in  the  enforcement  of  our  own,  namely.  What  is  the  status 
of  those  substances  having  a  twofold  function,  first,  that  of  a  drug, 
and  second,  that  of  a  substance  used  purely  for  technical  purposes? 
In  1896  this  question  was  decided  in  the  EngUsh  courts  with  refer- 
ence to  beeswax,  a  sample  of  which  had  been  sold  and  on  examination 
was  discovered  to  contain  about  50  per  cent  of  paraffin.  The  sample 
was  sold  by  a  grocer  and  not  by  a  druggist,  and  the  courts  held  that 
although  beeswax  is  used  in  a  medicinal  way  and  is  recognized  by 
the  British  Pharmacopoeia,  yet  in  the  present  case  the  product  was 
not  a  drug.  The  point  at  issue  seems  to  hinge  on  the  question  of 
whether  or  not  the  product  sold  is  intended  for  medicinal  purposes. 
A  similar  view  has  been  taken  by  the  United  States  Department  of 
Agriculture.  Substances  often  used  as  drugs,  that  is,  recognized  by 
the  Pharmacopoeia,  but  which  are  likewise  used  for  technical  pur- 
poses, if  labeled  "For  technical  purposes"  and  intended  for  such  use^ 
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are  considered  as  not  subject  to  the  food  and  drugs  act.  Food 
Inspection  Decision  No.  103,  on  ''The  labeling  of  turpentine/'  clearly 
sets  forth  the  department's  views  respecting  a  substance  recognized  by 
the  United  States  Pharmacopoeia,  yet  having  a  large  technical  use  as 
well.  In  this  decision  it  is  held  that  ''when  wood  turpentine  is 
labeled  'Not  for  medicinal  use/  etc.,  it  is  not  subject  to  the  food  and 
drugs  act.  When  not  so  labeled  it  is  in  violation  of  section  7  of  the 
food  and  drugs  act  unless  labeled  'wood'  or  'stump'  turpentine." 

This  poUcy  is  outlined  in  Food  Inspection  Decision  58  and  the 
same  principle  applies  also  to  foods  which  have  a  technical  use,  as, 
for  example,  olive  oil.  With  respect  to  importations  this  phase  of 
the  question  b  covered  by  Food  Inspection  Decision  93,  which  is  an 
amendment  to  Regulation  34  of  Circular  21,  Revised,  of  the  Secre- 
tary's office.    This  regulation  as  amended  reads  as  follows: 

Unless  otherwise  declared  on  the  invoice,  all  substances  ordinarily  used  as  food 
products  will  be  treated  as  such.  Shipments  of  substances  ordinarily  used  as  food 
products  intended  for  technical  purpoeee  should  be  accompanied  by  a  declaration 
stating  that  bet.  Such  products  should  be  denature  before  entry,  but  denaturing 
may  be  allowed  imder  customs  supervision,  with  the  consent  of  the  Secretary  of  the 
Treasury,  or  the  Secretary  of  the  Treasiuy  may  release  such  products  without  dena- 
turing, under  such  conditions  as  may  preclude  the  possibility  of  their  use  as  foe d 
products. 

ADMIHISTSATIVE  WOSK  AVD  METHODS  OF  EVFOBCEMEVT. 

GBNBBAL  ADMIinSTBATIVB  MBASXmBS. 

Before  entering  into  a  further  discussion  of  these  laws  it  is  desirable 
that  a  brief  account  of  their  method  of  enforcement  be  given.  This 
control  is  very  much  subdivided  and  is  somewhat  complex.  In 
some  ways  this  subdivision  of  control  and  authority  suggests  the 
condition  existing  in  the  United  States,  although  its  existence  is  for 
diflferent  reasons.  In  the  United  States  each  State  has  its  own  sepa- 
rate law  and  its  own  controlling  officers,  while  the  Federal  law  con- 
trols only  the  manufacture  and  sale  of  foods  and  drugs  in  the  District 
of  Columbia  and  the  Territories,  the  shipment  of  these  conunodities, 
in  interstate  and  foreign  commerce,  and  their  sale  in  the  "original 
package,''^  although  the  line  of  demarcation  between  State  and 
National  control  is  sharply  drawn.  In  the  United  States  most  of  the 
States  have  laws  modeled  quite  closely  after  the  national  law,  while 
in  the  United  Kingdom  one  and  the  same  law  is  operative  throughout 
Great  Britain  and  Ireland.  The  sale  of  food  and  drugs  acts  specify 
the  local  authorities  by  whom  the  acts  are  to  be  administered  (the 

1  The  torm  ''original  package"  here  used  means  the  original  package  as  defined  by  the  Supreme  Court 
with  respect  to  articles  oC  interstate  oommeroe.  Deeisions  bearing  on  this  point  are  found  in  Food  Inspec- 
tion Decision  86. 

The  Supreme  Court  decided  March  13, 1911  (Hipollte  Egg  Co.  p.  U.  S.),  that  adulterated  and  mia- 
branded  articles  of  food  which  have  been  transported  in  interstate  oommeroe  are  liable  to  seisure  within 
the  boundaries  of  a  State  as  long  as  they  remain  in  the  original  unbroken  paokages. 


Digitized  by 


Google 


ADMIKISTBATIVE  MEASUBE3.  11 

county  councils  and  certain  town  and  borough  councils),  and  they 
require  every  such  authority  to  appoint  a  public  analyst  and  to 
make  arrangements  for  the  collection  of  samples  of  foods  to  be  exam- 
ined by  the  public  analyst.  The  appointments  of  public  analysts 
have  to  be  sanctioned  by  the  Local  QoTemment  Boai^,  and  a  general 
supervision  is  exercised  by  that  department  over  the  methods  of 
administration  by  the  local  authorities.  Subject  to  such  general 
control,  it  rests  with  each  local  authority,  on  the  reports  of  the 
public  analyst  and  other  officers,  to  enforce  the  law  against  offenders, 
to  issue  warnings  to  traders,  or  take  other  action  for  the  purpose  of 
checking  these  forms  of  adulteration  or  misbranding  of  foods  to  which 
the  sale  of  food  and  drugs  acts  are  applicable.  There  are  at  present 
233  local  authorities  administering  the  sale  of  food  and  drugs  acts  in 
England  and  Wales.  These  acts  are  the  same  in  the  jurisdiction  of 
all  local  authorities  and  there  are  no  special  additions  in  local  areas.^ 
The  sale  of  food  and  drugs  act,  1899,  section  2,  gives  direct  power 
to  the  Local  Government  Board  and  the  Board  of  Agriculture  and 
Fisheries  to  sample  articles  of  food.  By  so  doing  these  central  author- 
ities can  determine  whether  or  not  the  local  authorities  are  doing 
their  duty  properly.  The  fees  for  the  analyses  are  paid  by  the  local 
authority  where  the  samples  are  collected,  and  it  is  the  duty  of  the 
local  authority  to  cause  proceedings  to  be  instituted  when  the  board 
makes  adverse  reports  based  on  such  analyses. 

The  sale  of  food  and  drugs  act  of  1875  was  designed  chiefly  as  a 
measui^  of  administration,  and  made  little  provision  for  any  direct 
action  by  the  central  departments  of  government,  but  the  subse- 
quent acts  have  provided  for  central  action  in  several  directions. 
There  are  now  six  government  departments  which  in  different  ways 
are  concerned  in  the  administration  of  these  laws,  namely,  the  Local 
Qovemment  Board  of  England,  and  the  Local  Government  Boards  for 
Scotland  and  L'eland;  the  Board  of  Agriculture  and  Fisheries,  which 
has  jurisdiction  in  England  and  Scotland;  the  Department  of  Agri- 
culture and  Technical  Instruction  in  Lreland,  and  the  commissioners 
of  customs  and  excise.  These  departments  communicate  with  the 
local  authorities  on  the  matters  with  which  they  are  concerned  and 
when  necessary  cooperate  with  one  another. 

The  act  of  1899  gave  special  duties  and  authority  to  the  Board  of 
Agriculture  and  Fisheries  as  far  as  adulteration  of  agricultural  prod- 
ucts (butter,  milk,  cheese,  etc.)  was  concerned,  in  addition  to  the 
general  power  of  supervision  in  connection  with  the  adulteration  of 

^InttiisreqMottheoenlesoffDodanddruciaotBdlflerrromthepubUohea^  Thopablio  health  acts 

maksceftain  provtskma  as  to  unsound  food,  milk,  etc.,  for  the  whole  country,  but  in  addition  some  local 
■nthofiUes  have  obtained  clauses  in  special  acts  of  Parliament  giving  them  wider  powers  In  their  Jurlsdio- 
tloos*  Many  local  authorities  have  in  this  way  special  powers  to  secure  the  cleanliness  of  ice  cream,  while 
Mse  of  the  principal  towns  have  special ''  milk  clauses ' '  under  which,  when  milk  1  s  found  to  contain  tuber- 
cle bacffll,  the  milkfrom  the  herd  giylng  the  infected  product  may  be  prohibited  entry  into  the  town. 
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all  articles  of  food  which  is  imposed  on  the  Local  Government  Bo&rd 
in  the  interests  of  the  consumer. 

TECHNICAL  QUESTIONS  BEFEBBED  TO  SPECIAL  COMMISSION'S. 

MISCELLANEOUS    REPORTS    BCADB    BT    MEDICAL    DEPARTMENT,     IXXDJLI. 

GOTERNMENT  BOARD. 

An  expert  subdivision  of  the  medical  department  of  the  Local  Go\r- 
emment  Board  has  been  established  for  five  years,   and  handles 
technical  and  administrative  questions  relating  to  the  purity  and 
wholesomeness  of  the  food  and  drug  supply  of  the  country.    The 
duties  required  of  .this  separate  division  are  ''to  advise  the  board  as 
to  the  administration  of  the  sale  of  food  and  drugs  acts  and  other  acts 
relating  to  food  questions;  to  deal  with  matters  relating  to  the  purity 
and  adulteration  of  foods  which  are  brought  to  the  board's  attention 
by  public  analysts,  medical  officers  of  health,  and  others;  to  obtain 
information  upon  special  questions  relating  to  the  purity  and  adultera- 
tion of  food,  and  the  use  of  deleterious  substances  therein;  and  to  make 
suitable  inquiries  and  investigations  for  the  purpose."    At  the  present 
time  the  work  is  under  the  control  of  a  chief  inspector  of  foods  and 
five  inspectors.^    The  technical  assistance  necessary  to  carry  on  the 
work  of  this  staff  is  obtained  from  various  sources  ''by  means  of  the 
allowance  allowed  to  the  subdepartment  for  laboratory  assistance  and 
investigation." 

Beginning  in  1906,  the  medical  department  of  the  Local  Oovemment 
Board  has  published  from  time  to  time  special  reports  of  the  injectors 
of  foods,  in  addition  to  annual  reports  by  the  chief  inspector.  Up  to 
the  present  time  13  reports  have  appeared.  These  reports  are  of  great 
interest  and  of  particular  value  in  many  ways  to  those  who  are  inter- 
ested in  the  relation  of  food  to  pubUc  health.  Some  of  these  reports 
Ukewise  deal  with  other  subjects  of  moment  to  the  manufacturer  of 
foodstuffs  as  well  as  to  those  who  are  interested  in  the  administration 
of  our  various  food  laws,  both  State  and  National.  The  reports,'  as 
far  as  published,  are  as  follows: 

1.  On  the  changes  in  certain  meat  essences  kept  for  several  years  in  tins  (1906). 
Dr.  G.  S.  Buchanan  and  Dr.  8.  B.  Schryver,  D.  Sc. 

2.  Lead  and  arsenic  in  tartaric  acid,  citric  acid,  and  cream  of  tartar  (1907).  Dr. 
A.  W.  J.  MacFadden. 

3.  On  certain  imported  meat  foods  of  questionable  wholesomeness  (1908).  Dr.  G.  S. 
Buchanan. 

4.  On  inquiries  with  regard  to  the  wholescmieness  of  tripe  of  home  and  foreign  origin 
(1908).    Dr.  A.  W.  J.  MacFadden. 

6.  On  the  preparation  and  sale  of  vinegar  in  relation  to  the  administration  of  the 
sale  of  food  and  drugs  act  (1908).    Dr.  J.  M.  Hamill. 

6.  On  preservatives  in  meat  foods  packed  in  cans  or  glass  (1908).  Dr.  A.  W.  J.  Mac- 
Fadden. 

>  The  acting  chief  inspector  of  foods  is  Dr.  Q.  S.  Buchanan. 

s  These  reports  are  sold  at  from  3  to  4  pence  apiece  and  may  be  had  from  Wyman  Sc  SonsXLtd.),  Fetter 
Lane,  London,  B.  C;  Oliver  A  Boyd,  Edinbuigh;Qr  E.  Ponsonby,  116  Grafton  Street,  Dublin. 
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7.  On  the  presence  of  tin  in  certain  canned  foods  (1908).    Dr.  G.  S.  Buchanan  and 
Dr.  S.  B.  Schryver,  D.  Sc. 

8.  On  ''facing"  and  other  methods  of  preparing  rice  for  sale  (1909).    Dr.  J.  M. 
Hamill. 

9.  On  the  application  of  formaldehyde  to  meat  (1909).    Dr.  G.  S.  Buchanan  and 
Dr.  S.  B.  Schryver,  D.  Sc. 

10.  On  the  use  of  preservatives  in  cream  (1909).    Dr.  J.  M.  Hamill. 

11 .  On  a  parasitic  condition  met  with  in  Australian  beef  (1911).    Dr.  A.  W.  J.  Mac- 
Fadden  and  R.  T.  Leiper. 

12.  (a)  On  the  bleaching  of  flour  and  the  addition  of  so-called  ''improvers "  to  flour 
(1911).     Dr.  J.  M.  Hamill. 

(b)  On  the  chemical  changes  produced  in  flour  by  bleaching  (1911).    Dr.  G.  W. 
Monier-Williams. 

13.  On  the  presence  of  calcium  sulphate  in  baking  powder  and  self-raising  flour 
(1911).     Dr.  J.  M.  Hamill. 

As  has  been  pointed  out,  the  Local  Govermnent  Board  exercises  a 
directiiig  hand  in  the  administratiye  work  of  the  sale  of  food  and 
drugs  act  as  applied  by  the  counties,  boroughs,  etc.  When  it  appears 
that  through  laxity  of  method,  or  otherwise,  satisfactory  adminis- 
tration is  not  being  obtained,  the  board  recommends  that  the  local 
authorities  make  such  changes  as  must  result  in  a  more  satisfactory 
state  of  affairs. 

The  reports  of  the  inspectors  of  foods  appear  to  have  been  of  great 
value  in  aiding  the  proper  and  forceful  administration  of  the  law. 
With  few  exceptions,  the  food  laws  of  Great  Britain  have  no  stand- 
ards incorporated  in  the  law  itself  or  published  otherwise  for  the 
guidance  of  manufacturers  or  the  local  authorities  and  analysts.  In 
these  reports  of  the  inspectors  suggestions  for  standards  have  been 
made,  which  appear  to  be  of  considerable  value  and  assistance.  For 
example,  in  Dr.  MacFadden's  report  on  **Lead  and  arsenic  in  tartaric 
acid,  citric  acid,  and  cream  of  tartar,"  a  standard  is  suggested  which 
limits  the  lead  and  arsenic  ^  to  a  limit,  respectively,  of  one-seventh 
and  one  one-hundredth  grain  in  1  pound  of  these  substances.  The 
lead  figure  was  based  on  a  'Hrade  standard"  which  had  been  used 
for  cream  of  tartar  for  some  time,  while  the  arsenic  standard  was 
based  on  the  Final  Report  of  the  Royal  Commission  on  Arsenical 
Poisoning  (1903).  Again,  Dr.  Hamill,  in  his  repbrt  **on  the  prepara- 
tion and  sale  of  vinegar,  in  relation  to  the  administration  of  the  sale 
of  food  and  drugs  acts,"  discusses  the  fraud  perpetrated  on  the  con- 
suming public  because  of  an  incorrect  description  in  connection  with 
the  sale  of  various  types  of  this  food  product,  and  states  that  if 
proj>er  administrative  control  could  be  given  to  definitions  similar 
to  those  found  in  the  United  States '  it  would  operate  to  the  advan- 
tage of  the  consumer  and  dealer.' 

~ s ■ 

>  Calculated  aa  araenloas  oxld. 

>  Clrciilar  19»  Ollloe  of  the  Sscretaiy,  United  States  Department  of  Agriculture,  "Standards  of  purity  for 
ioodpfodaota." 

» Beportoo  work  of  the  inspectors  of  flbods  for  1906-1908.    A  report  by  0.  S.  Buchanan,  M.  D.,B.8o. 
(1909). 
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OOlOflTTBS  REPORT  ON  PRESBRTATIYES   AND  COLORS. 

From  the  administrative  viewpoint,  considerable  attention  has 
been  paid  in  the  United  Kingdom  to  the  propriety  of  the  use  of  pre- 
servatives in  foodstuffs.  In  order  that  this  matter  might  be  givea  a 
thorough  investigation,  the  whole  question  was  submitted  to  a  com- 
mittee, a  very  full  report  of  which  was  published  in  1901  under  the 
title  ''Report  of  the  departmental  committee  appointed  to  inquire 
into  the  use  of  preservatives  and  coloring  matters  in  the  preservation 
and  coloring  of  food."  This  committee  consisted  of  four  members, 
and,  with  the  exception  of  a  minority  report  ^'Concerning  the  use  of 
copper  sulphate  in  the  greening  of  vegetables,"  by  Dr.  F.  W.  Tunni- 
cliffe,  the  recommendations  of  the  committee  were  unanimous. 
Their  recommendations  are  as  follows: 

(a)  That  the  use  of  fomialdehyde  or  foimalin,  or  preparatioiifl  thereof,  in  foods  or 
drinks  be  absolutely  prohibited,  and  that  salicylic  acid  be  not  used  in  a  greater  pro- 
portion than  1  grain  per  pint  in  liquid  food  and  1  grain  per  pound  in  solid  food,  its 
presence  in  all  cases  to  be  declared. 

(6)  That  the  use  of  any  preservative  or  coloring  matter  whatever  in  milk  offered 
for  eale  in  the  United  Kingdom  be  constituted  an  offense  under  the  sale  of  food  and 
drugs  acts. 

(c)  That  the  only  preservative  which  it  shall  be  lawful  to  use  in  cream  be  boric  add 
or  mixtures  of  boric  acid  and  borax,  and  in  amount  not  exceeding  0.25  per  cent  ex- 
pressed as  boric  acid,  the  amount  of  such  preservative  to  be  notified  by  a  label 
upon  the  vessel. 

((f)  That  the  only  preservative  permitted  to  be  used  in  butter  and  margarine  be 
boric  acid  or  mixtures  of  boric  acid  and  bofax,  to  be  used  in  proportions  not  exceeding 
0.6  per  cent  expressed  as  boric  acid. 

(e)  That  in  the  case  of  all  dietetic  preparations  intended  for  the  use  of  invalids  or 
infants  chemical  preservatives  of  all  kinds  be  prohibited. 

(/)  That  the  use  of  copper  salts  in  the  so-called  greening  of  preserved  foods  be  pro- 
hibited. 

These  reconunendations  have  never  been  enacted  into  law.  Some 
of  them  are,  however,  used  as  a  basis  for  prosecution  in  the  United 
Kingdom  under  the  sale  of  food  and  drugs  acts,  particularly  in  the 
case  of  milk  to  which  preservatives  have  been  added.^ 

With  reference  to  the  above  recommendations  it  should  be  pointed 
out  that  Dr.  F.  W.  Tunnicliflfe  put  in  a  minority  report  on  "The  use 
of  copper  sulphate  in  the  greening  of  preserved  vegetables,  etc." 
This  report  is  as  follows: 

I  agree  with  the  above  report,  except  as  to  paragraph  127  and  recommendation  F. 
With  regard  to  the  question  of  the  addition  of  copper  sulphate  to  preserved  vege- 
tables and  fruits  for  the  purpose  of  rendering  them  permanently  green  I  regret  that 
I  am  not  quite  in  agreement  with  my  colleagues.  I  regard  it  as  establi^ed  that 
these  substances,  as  well  as  many  other  articles  of  diet,  naturally  contain  copper, 
and  that  copper  is  constantly  being  introduced  into  food  by  the  ordinary  culinary 
processes,  and  further  that  although  the  copper  is  added  in  a  soluble  and  absorbable 

>  Tbe  Local  Qoverament  Board  has  power  to  fix  standards  on  preservatives  In  butter  and  margarine  under 
section  7  of  tbe  butter  and  margarine  act 
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form  to  the  vegetables,  it  is  not  so  present  in  them  as  consumed,  being  conveited  by 
them  into  a  relatively  insoluble  and  unabsorbable  compound.  I  can  conceive  of 
no  conditions  under  which  the  small  quantity  of  copper  present  in  the  above  form 
in  properly  preserved  peas  could  be  injurious  to  any  consumer  to  whom  the  peas 
themselves  would  be  harmless.  In  addition,  I  can  see,  so  far  as  concerns  a  possible 
injurious  effect,  no  analogy  between  this  compound  of  copper  in  green  vegetables 
which  are  eaten  by  the  ounce  and  a  highly  soluble  salt  of  lead  in  water,  or  of  arsenic 
in  beer,  both  liquids  drunk  by  the  quart  or  gallon.  It  must  be  remembered  also  in 
this  connection  that  in  France  an  order  was  issued  prohibiting  the  use  of  copper  for 
the  above  purpose  and  that  this  order  had  subsequently  to  be  rescinded.  It  also 
appears  that  in  Germany,  where  the  use  of  copper  for  artificial  greening  of  vegetables, 
etc.,  is  prohibited,  preserved  v^^tables  containing  copper  are  easily  obtainable 
on  the  open  market,  apparently  showing  that  the  actual  enforcement  of  the  prohibi- 
tion is  attended  with  difficulty. 

Recent  research  has  distinctly  taught  us  that,  from  the  point  of  view  of  its  nutritive 
value,  great  importance  attaches  to  the  appetizing  appearance  of  food,  and  in  my 
<^xinion  we  should  not  without  very  definite  reason  arbitrarily  prevent  the  grati- 
fication of  the  public  taste  for  a  perennial  supply  of  green  vegetables  and  thereby 
destroy  if  not  an  important  at  least  a  thriving  industry. 

I  am,  however,  satisfied  that  often  an  unnecessarily  large  amount  of  copper  is  present 
in  vegetables  permanently  colored  by  means  of  it,  and  although  in  spite  of  diligent 
inquiry  no  injurious  results  have  been  known  to  have  accrued  even  from  these  quan- 
tities, yet  nevertheless  only  the  necessary  amount  should  be  added.  I  should, 
therefore,  reconunend  that  the  presence  of  copper  in  these  preserved  vegetables  be 
in  every  case  declared  and  that  its  amoimt  be  restricted  to  half  a  grain  of  metallic 
copper  per  pound. 

Paragraph  127  referred  to  by  Mr.  Tunnicliffe  is  as  follows: 

127.  The  employment  of  copper  sulphate  to  color  peas  and  other  vegetables  has 
been  carefully  considered  by  us.  It  is  highly  imdesirable  that  what  is  admittedly 
a  poisonous  drug  should  -be  used,  even  to  the  smallest  extent,  in  connection  with 
such  food  as  may  be  consiuned  in  considerable  quantity.  The  public  have  got  into 
their  heads  that  vegetables  ought  to  be  green,  and  green  they  insist  upon  having 
them.  Direct  proof  that  vegetables  containing  copper  are  injurious  to  the  consumer 
is  from  the  very  nature  of  the  case  difficult  to  obtain,  and  we  must  admit  that  we  have 
not  succeeded  in  obtaining  it.  There  is  evidence  pointing  to  the  conclusion  that 
the  copper,  when  added  to  the  vegetables,  forms  a  compound  which  is  not  easily 
soluble  in  the  human  economy.  There  is,  however,  evidence  of  a  contrary  char- 
acter, and  it  is  not  clear  to  us  that  the  whole  of  the  copper  added  becomes,  or  remains, 
insoluble  under  all  conditions.  Be  this  as  it  may,  recent  events  have  so  incontestably 
demonstrated  the  serious  and  widespread  mischief  which  may  result  from  the  con- 
sumption of  food  and  drink,  other  than  sweetmeats,  containing  even  minimal  quan- 
tities of  poisonous  metallic  substances,  that  we  are  strongly  of  opinion  that  such 
poisonous  substances  should  be  rigorously  excluded. 

It  might  be  pointed  out  that  the  recommendations  of  this  committee 
are  not  at  one  with  the  views  which  have  found  expression  in  the 
administration  of  the  food  law  of  the  United  States.  Salicylic  acid 
is  looked  upon  as  being  of  a  nature  requiring  absolute  prohibition  in 
foodstuffs;  the  same  is  true  of  boric  acid  and  borax;  and  the  ques- 
tion as  to  the  propriety  of  the  use  of  copper  salts  in  the  greening  of 
vegetables  is  at  th,e  present  time  in  the  hands  of  the  referee  board 
of  consulting  scientific  experts,  who  are  expected  to  report  to  the 
96706*»— Bull.  143—11 3 
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Secretary  of  Agriculture  as  to  whether  they  should  be  used  for  the 
purpose  mdicated. 

COMMISSION   REPORT   ON   WHISKY   AND   OTHER   POTABLE   SPIRITS. 

In  the  United  Kingdom  the  subject  of  whisky  and  other  potable 
spirits  has  also  been  submitted  to  a  commission,  and  only  recently 
(1909)  it  reported  the  results  of  its  investigation  under  the  title  of 
"The  final  report  of  the  Royal  commiSBion  on  ^wiiisky  and  other 
potable  spirits."  The  Royal  commissioir  definition  of  "What  is 
whisky  "  is  fundamentally  the  same  as  that  of  President  Taft,  namely, 
that,  broadly  speaking,  all  distillates  from  grain,  if  of  potaMe  strength, 
are  "whisky." 

There^  is  an  erktent  tendency  to  submit  the  more  important  ques- 
tions^ arising  in  the  administration  of  the  sale  of  food  and  drugs  acts 
to  a  commission  tor  the  taking  of  testimony  and  for  the  preparation 
of  the  reports  to  be  used  for  the  guidance  of  tiiose  who  must  administer 
these  laws.^  The  report  of  the  Royal  commission  on  whisky  and  other 
potable^  spirits  is^,  however,  the  second  report  on  this  subject.  The 
first  was^ issued  about  20  years^ago,  and  is  entitled  "Report  from  the 
Select  Committee  on  British  and  Foreign  Spirits"  (1890-91). 

OONTBOL  OF  IMPOBTS  BY  THE  COMMISSIONBBS  OF  CTJSTOHS. 

SCOPE     OF    WORK     COMPARED    WITH    THAT    OF     LOCAL    GOVERNMENT 

BOARD. 

It  has  been  pointed  out  that  the  commissioners  of  customs  operate 
under  the  sale  of  food  and  drugs  act  at  the  ports  of  entry.  This  duty 
was  laid  upon  them  in  the  act  of  1899.  As  an  administrative  detail 
of  this  work  of  the  commissioners  of  customs  it  is  to  be  noted  that  it 
is  the  commissioners  themsdvee  who  must  enforce  the  provisions 
and  not  the  local  authorities  as  in  the  case  of  the  general  provisions 
of  this  act.  As  far  as  their  authority  extends  it  is  broad  enough  to 
control  all  types  of  foods  offered  for  import,  although  particular 
provisions  are  made  covering  dairy  products  or  substitutes  for  dairy 
products^  as  margarine,  adulterated  butter,  condensed  milk,  etc. 
His  Majesty  may,  by  order  in  council,  direct  this  section  (11)  of  the 
sale  of  food  and  drugs  act,  1899,  to  apply  to  *'any  adulterated  or 
impoverished  article  of  food,''  but  a  study  of  the  work  of  the  com- 
missioners shows  that  its  duties  are  more  closely  confined  to  the 
specific  provisions  of  this  section  applying  to  dairy  products  and 

>  In  the  address  of  the  president  of  the  Society  of  Public  Analysts  and  of  other  Analytical  Chemists,  pub- 
lished in  the  Febrofloy  number  of  the  Analyst,  1911,  reference  is  made  to  a  conference  organised  by  th« 
County  Councils'  Association  which  was  held  in  London  in  March,  1910.  At  this  conference  it  was  recom- 
mended that  "an  expert  board  of  reference  should  be  constituted  to  decide  controversial  questions  of 
chemistry^  hy>riene,  or  physiology.'*  This  conference  also  passed  a  resolution  with  regard  to  the  ferti- 
lizers and  feeding  stuffs  acts  that  "It  was  a  matter  of  urgency  that  the  question  of  'standards'  under  th« 
fertilixers  and  feeding  stuffs  acts  should  be  dealt  with  by  an  expert  board  of  reference." 
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substitutes  therefor.  However,  any  adulterated  or  impoverished 
article  of  food,  if  plainly  labeled  to  indicate  the  fact  that  it  has  been 
so  treated,  is  not  subject  to  these  provisions. 

The  analyses  of  samples  taken  by  the  conmiissioners  of  customs 
are  always  made  by  the  Government  chemists  at  the  bureau  of 
inland  revenue,  and  in  this  way  also  their  work  is  differentiated  from 
the  work  of  the  local  authorities,  who  use  the  local  analysts,  except 
under  conditions  which  will  be  outlined  later. 

In  the  annual  report  of  the  Local  Government  Board  for  1909-10 
it  is  stated  that  there  are  233  districts  for  which  this  board  has 
approved  of  the  appointment  of  analysts  for  the  purpose  of  making 
examinations  under  the  sale  of  food  and  drugs  act.  These  analysts 
examined  during  the  course  of  the  year  1909  a  total  of  97,985  samples 
collected  in  England  and  Wales.  In  1908,  95,664  samples  were 
collected,  8,169  were  reported  adversely,  legal  proceedings  were 
begun  in  3,643  cases,  and  penalties  imposed  by  the  courts  in  2,673 
cases.  During^  1908  there  were  8,827  sampled  collected  in  Scotland 
and  9,694  in  1909. 

It  is  pointed  out  in  the  annual  report  of  the  Local  Government 
Board  for  1907-8  "that  these  trifling  fines,  against  which  legal 
authorities  have  often  protested,  aare  useless  for  the  purpose  of 
repressing  adulterations."  In  the  tTiiited  States,  in  addition  to  the 
fines  which  may  be  imposed,  there  is  provided  by  law  an  effective 
deterrent,  namely,  the  publication  by  the  Government  of  notices  of 
judgments  of  the  courts;  and  liability  to  imprisonment  on  convic- 
tion for  second  and  subsequent  offenses. 

It  is  almost  needless  to  say  that  the  results  given  indicate  that 
the  sale  of  food  and  drugs  acts  have  accomplished  and  are  accom- 
plishmg  splendid  work  in  Great  Britain  and  are  being  ably  admin- 
istered. One  noticeable  feature  is  the  fact  that  many  of  the  cases 
are  closely  contested  in  the  courts,  while  in  the  United  States,  under 
the  Federal  law  this  occurs  less  often.  In  order,  however,  to  make 
such  a  comparison  satisfactory  the  results  obtained  under  the  various 
State  laws  would  have  to  be  included. 

TEA,  DRUOS,  AND  OTHER  PRODUCTS. 

Three  thousand  two  hundred  and  eighty-nine  drugs  were  examined 
during  the  year  1908.  Of  this  number  287,  or  9  per  cent,  were  foxmd 
to  be  adulterated.  The  largest  number  of  examinations  were  of  cam- 
phorated oil  (504  samples),  cream  of  tartar  (245  samples),  and  powdered 
licorice  (184  samples). 

While  the  greatest  activity,  as  in  previous  years,  was  confined  to 
the  examination  of  dairy  products  and  their  substitutes,  yet  a  con- 
siderable number  of  other  food  products  were  examined  by  the  public 
analysts,  including  baking  powder,  fish,  honey,  olive  oils,  spices,  sirup 
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and  treacle,  wines  (nonalcoholic),  yeast,  mustard,  coflFee,  tea,  vinegar, 
ginger,  ice  cream,  canned  meats,  oat  meal,  rice,  etc. 

The  commissioners  of  customs  examined  during  the  year  ending 
December  31,  1908,  under  section  30  of  the  sale  of  food  and  drugs  act, 
1875,  4,347  samples  of  tea,  of  which  3,840  were  satisfactory.*  During 
the  year  1909,  7,647  samples  of  the  tea  were  examined,  of  which  7,089 
were  considered  satisfactory.  The  tea  which  examination  shows  to  be 
unsatisfactory  is  either  exported  or,  sometimes,  allowed  entry  as  the 
raw  product  for  the  manufacture  of  caffein. 

In  the  United  Kingdom  the  importation  of  tea  is  controlled  by 
the  customs  officials,  and  they  decide  whether  or  not  the  importations 
are  fit  for  entry.  The  control  of  tea  importations  into  the  United 
Kingdom  is  under  section  30  of  the  sale  of  food  and  drugs  act,  1875, 
and  aims  at  preventing  the  entry  of  all  tea  unfit  for  food.  In  the 
United  States  tea  dust  is  allowed  entry  for  the  manufacture  of  caffein 
under  a  specific  act  of  Congress.* 

As  an  interesting  comparison,  and  in  order  to  indicate  the  extent 
to  which  inspection  at  ports  in  the  United  States  has  developed 
under  the  food  and  drugs  act,  the  following  quotation  from  the 
Report  of  the  Secretary  of  Agriculture  for  1909  (p.  35)  will  suffice: 

Of  imported  products  the  branch,  laboratories  examined  8,476  samples,  about  2,500 
of  which  were  sent  to  Washington  for  reexamination.  In  addition,  more  than  79,000 
samples  of  imported  goods  were  submitted  to  floor  inspection  at  ports  of  entry,  without 
examination  in  the  laboratory. 

DAIRY   PRODUCTS. 

With  respect  to  the  control  of  dairy  products,  butter,  condensed 
milk,  fresh  milk,  cream,  margarine  cheese,  and  margarine  at  the 
ports,  His  Majesty's  customs  operating  under  section  1  of  the  sale 
of  food  and  drugs  act,  1899,  and  section  5  of  the  butter  and  margarine 
act,  1907,  collected  and  examined  during  the  year  ending  December 
31,  1908,  1,920  samples,  of  which  1,169  were  butter  and  120  samples 
condensed  milk,  including  dried  milk,  and  of  this  number  3  had 
been  called  '^machine  skimmed  milk''  or  '^skimmed  milk"  as  re- 
quired by  section  1  (1)  (c)  of  the  sale  of  food  and  drugs  act,  1899. 
Five  hundred  and  eight  samples  of  mai^arine  were  drawn  and  11 
found  to  contain  over  the  legal  amount  of  16  per  cent  of  water. 
During  the  year  ending  December  31,  1909,  the  oflBcers  of  the  board 
of  customs  and  excise  at  the  ports  in  the  United  Kingdom,  with  a 

I  To  illustrate  the  extent  of  the  tea  inspection  at  the  ports,  for  the  year  ending  Mar.  1, 1006, 3,062  samples 
of  tea  were  examined  at  the  ports,  repreeenting  an  Importation  of  317,065,320  pounds. 

s  RegulaUon  of  hnportation  of  teas,  Rev.  Stat,  sec.  760^7707,  U.  S.  Stat  L.  (1007-1000),  p.  168  (chap.  170). 

While  these  are  specific  laws  on  our  statute  t>ooks  controlling  the  importation  of  tea,  yet  the  AtUmiey 
General  has  rendered  an  opinion  in  which  he  holds  that  these  acts  governing  the  importation  of  tea  must 
be  read  as  one  with  the  food  and  drugs  act,  June  30, 1006. 

Quite  recently  cooperation  between  the  Treasury  Department  and  the  Department  of  Agrioultare  has 
been  established  looking  to  the  application  of  the  food  law  to  importations  of  tea. 
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-view  to  giving  effect  to  section  1  of  the  sale  of  food  and  drugs  act, 
1899,  and  section  5  of  the  butter  and  maigarine  act,  1907,  collected 
the  following  number  of  samples  for  examination:  Butter,  1,111; 
condensed  and  dried  milk,  125;  fresh  and  sterilized  milk,  10;  cream, 
73;  margarine,  510;  total,  1,829. 

The  chief  work  of  the  customs  authorities  under  the  sale  of  food 
and  drugs  acts  relates  to  certain  prescribed  articles  of  dairy  produce 
for  which  special  provision  has  been  made  in  the  law,  and  to  the 
examiuation  of  tea.  In  addition,  however,  an  extensive  system  of 
inspection  of  foods  at  the  ports  of  entry  has  now  been  established  by 
r^ulation  made  by  the  Local  Government  Board  under  the  public 
health  (regulations  as  to  food)  act,  1907.  In  connection  with  this 
inspection,  foods  may  be  sampled  and  analyzed  independently  of  the 
sale  of  food  and  drugs  acts.  The  administration  of  these  regulations 
rests  primarily  with  the  port  sanitary  authorities. 

GENERAL   SANITARY  INSPECTION. 

Much  is  done  in  general  sanitary  inspection,  and  the  value  of  the 
products  examined  is  enormous.  In  an  article  on  ''Food  inspection 
at  the  ports  of  entry"  in  the  Journal  of  the  Royal  Sanitary  Institute, 
volume  29,  page  681  (1908-9),  W.  F.  Dearden,  medical  health  oflScer 
at  the  port  of  Manchester,  says:  ''The  value  of  foreign  foods  inspected 
during  1906  was,  in  round  numbers,  assessed  at  £200,000,000,  and 
that  this  amount  has  not  reached  finaUty  is  shown  by  the  fact  that  in 
five  years  the  value  has  increased  by  about  £30,000,000." 

At  this  point  it  should  be  stated  that  the  pubUc  health  (regulation 
as  to  food)  act,  1907,  includes  "the  power  of  making  r^ulations 
authorizing  measures  to  be  taken  for  the  prevention  of  danger 
arising  to  public  health  from  the  importation,  preparation,  storage, 
and  distribution  of  articles  of  food  or  drink,  other  than  drugs  or  water, 
intended  for  sale  or  human  consumption." 

The  United  Kingdom  must  depend  largely  for  its  butter  supply 
on  importations.  More  or  less  adulterated  butter  is  met  with  at 
the  ports,  and  an  e£Port  is  being  made  to  remedy  this  state  of  affairs. 
Early  in  the  year  1906  a  conference  was  held  at  The  Hague  on  the 
subject,  which  was  attended  by  the  principal  chemist  of  the  (lovem- 
ment  laboratories  and  one  of  the  superintending  inspectors  of  the 
Board  of  Agriculture  and  Fisheries,  who  conferred  with  officials  of  the 
Netherlands  Government.  The  proper  inspection  of  factories  seems 
to  be  desirable,  and  this  point  is  brought  out  in  the  reports  discuss- 
ing the  work  of  the  customs,  as  follows: 

Hitherto  under  the  law  of  the  Netherlands  the  Dutch  inspectors  have  had  power 
to  enter  creameries,  butter  factories,  and  shops  and  warehouses  where  butter  is  stored 
or  sold,  but  they  have  no  power  of  entry  into  margarine  factories.  >    Consequently  it 

I  This  deleot  has  now  been  remedied  by  recent  legislation  of  the  Netherlands  GoTeniment. 
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has  been  the  practice  of  pereons  engaged  in  the  adulteration  of  butter  to  call  their 
premises  margarine  factories. 

In  the  United  Kingdom,  inspectors  have  had  power  to  enter  margarine  factories, 
but  no  corresponding  power  as  regards  butter  factories.^  Consequently  persons 
engaged  in  adding  foreign  ^ts  to  butter  in  this  coimtry  have  described  their  premises 
as  butter  factories.* 

One  of  the  diflBculties  under  which  the  customs  authorities  labor 
is  the  lack  of  power  to  detain  shipments  pending  the  return  of  the 
results  of  analyses.  By  the  time  the  analytical  results  are  received 
by  the  customs  officials  the  shipments  are  ordinarily  all  distributed 
and  have  gone  into  consumption.  It  was  also  the  practice  for  the 
Board  of  Agricultiure  and  Fisheries  to  communicate  to  the  consignees 
and  to  the  local  authorities  of  the  district  in  which  the  consignee 
lived  that  samples  had  been  taken  by  the  customs  officials.  This 
practice  has  been  abandoned,  as  it  did  not  yield  satisfactoiy  i^esults. 

LABELINO  OF  IMPORTS  UNDEE  THE  MERCHANDISE  MARKS  ACTS,   1887— 

1891. 

Under  the  merchandise  marks  acts,  1887-1891,  the  customs 
authorities  have  the  opportunity  to  control  the  labeling  of  imported 
goods,  including  foods  and  drugs.  Briefly  sunmiarized,  their  powers 
are  limited  to  the  detention  of: 

1.  Any  imported  goods  bearing  marks  or  descriptions  which  are  misleading  as  to 
the  character,  composition,  or  origin  of  tho'goods  so  marked  or  described,  and, 

2.  Any  imported  goods  of  foreign  manufacture  bearing  a  name  or  trade-mark  which. 
is,  or  purports  to  be,  the  name  or  trade-mark  of  any  manufacturer  of,  or  dealer  in, 
goods  of  the  same  description  in  the  United  Kingdom,  and  is  unaccompanied  by  a 
definite  indication  of  the  country  of  origin  of  the  goods.' 

That  the  merchandise  marks  acts  can  be  made  to  serve  a  very 
useful  purpose  so  far  as  the  labeling  of  foods  is  concerned  is  evident 
from  the  fact  that,  for  example,  consignments  of  spirits,  distilled 
in  European  coimtries,  in  bottles  labeled  ''finest  old  Scotch  whisky,'* 
"vieux  Cognac,"  "fine  champagne,"  and  "fine  old  Jamaica  rum," 
were  seized. 

In  this  connection  it  is  of  interest  to  note  tlie  attitude  taken  by 
the  customs  authorities  with  respect  to  the  labeling  of  port  and 
sherry,  as  indicated  by  a  general  order  issued  on  January  1,  1906: 

Entries  in  which  wine  from  countries  other  than  Portugal  is  described  as  **port," 
unaccompanied  by  satisfactory  evidence  that  the  wine  is  the  product  of  that  country^ 
should  not  be  accepted  unless  the  word  "port"  is  qualified  by  an  unmistakable  indica- 
tion of  the  country  in  which  the  wine  was  produced,  such  as  Spanish  port,  French 
port,  or  German  port.    Such  descriptions  as  Tarragona  port,  Catalonia  port,  Roussillon 

1  This  defect  has  been  remedied  by  the  butter  and  margarine  act,  1907. 

« Annual  Report  of  Proceedings  under  the  Sale  of  Food  and  Drugs  Acts,  1875-1899,  etc.,  for  the  year  1906. 
» Fiftieth  Annual  Report  of  Commissioner  of  His  Majesty's  Customs  for  the  year  ending  31st  of  Maich^ 
1906,  p.  33. 
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port,  or  Hambttig  port,  Biiut  beacooB^puued  by  the  wosdfi  ''produoeciBpam,''  ''prod- 
uce of  France,"  or  "produce  of  Germany,"  as  the  case  may  be.  WioBs  deeoribed 
as  sherry  imported  from  countries  other  than  Spain  should  be  similarly  qualified."' 

The  same  principle  is  found  in  Food  Inspection  Decision  No.  122, 
wherein  it  is  stated  that  the  ports  and  sherries  produced  in  Cali- 
fomia  must  be  labeled  respectively  ''California  port,"  ''Califomia 
sheny." 

BXTBNT  OF  INSPBCTION  AND  SAMPUNG  TTNDBB  THE  VABIOTJS 

LAWS. 

SPECJLAL  EXAMINATION  QF  DAIBT  PRODUCTS, 

That  dairy  products  receive  a  great  amount  of  attention  in  the 
United  Kingdom  is  shown  by  the  fact  that  during  the  year  1908, 
45,093  samples  of  milk  were  examined,  of  which  10.5  per  cent  were 
reported  as  either  adulterated  or  as  falling  below  the  minimal  limits 
fixed  by  the  ''sale  of  milk  regulations,  1901."  These  regulations  do 
not  fix  a  minimum  percentage.  Under  the  regulations  a  presumption 
of  adulteration  or  abstraction  is  raised  by  a  deficiency  of  milk  fat  or 
other  solids,  but  if  it  can  be  proved  that  the  milk  was  sold  as  it  came 
from  the  cow,  this  presumption  is  rebutted.'  The  sale  of  milk  con- 
tainii^  less  than  3  per  cent  of  milk  fat,  or  less  than  8.5  per  cent  of 
other  milk  solids,  does  not  therefore  necessarily  constitute  an  offense. 
The  effect  of  the  regulations  is  merely  that  proof  of  the  deficiency 
throws  on  the  defendant  the  onus  of  showing  by  direct  and  positive 
evidence  that  the  milk  was  sold  as  it  came  from  the  cow.  The  merely 
''presumptive"  nature  of  these  limits  has  given  rise  to  a  considerable 
agitation  by  local  authorities  for  legislation  establishing  absolute 
lixnits. 

At  this  point  for  pm^oses  of  comparison  it  might  be  pointed  out 
that  in  the  standards  fixed  in  Circular  No.  19  of  the  Office  of  the"  Secre- 
tary of  Agriculture,  the  staiiidard  for  butter  fat  in  milk  is  set  at  3.25 
per  cent.  Even  this  is  low,  a  milk  of  good  average  quality  carrying 
more  neariy  8^  per  cent  or  more.  The  examinatioiis  of  the  pubUc 
analysts  have  re^ilted  in  the  cases  being  brought  primarily  on  the 
additicHi  of  water  to  milk,  the  abstraction  of  its  fat,  and  the  addition 
of  preservatives.  It  is,  however,  gratifying  to  leam  that  drastic 
action,  usually  under  other  acts,  has  been  tak^i  for  the  sale  of  dirty 
milk.  In  one  case  (in  1907)  in  Westminster  a  dealer  was  "dealt  with 
under  the  public  health  act,  1875,  and  sent  to  prison  for  six  months." 
During  the  year  1909  the  nimiber  of  milk  samples  taken  in  England 
and  Wales  imder  the  sale  of  food  and  drugs  acts  were  45,576  m^  of 
butter  20,670.     Dxiring  the  same  year  in  Scotland  the  samples  of 

1  Fiftieth  Annual  Report  of  Commissioner  of  His  Mi^iesty's  Customs  for  the  year  ending  3l8t  of  Marota, 
]M6,p.35. 
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milk  and  butter  examined  were  respectively  4,833  and  1,838.  Of  the 
20,729  butter  samples  examined  in  1908,  1,545,  or  7.5  per  cent,  were 
reported  adversely;  1,273  of  these  samples  contained  foreign  fat. 

Under  the  sale  of  food  and  drugs  act,  1899,  and  the  butter  and 
margarine  act,  1907,  the  maximum  limit  of  butter  that  may  be  mixed 
with  margarine  is  10  per  cent.  In  1907,  31  samples  of  margarine 
were  collected  from  one  place  in  Birmingham.  Of  these,  12  contained 
from  38  to  83  per  cent  of  butter. 

mSPBOnON  UNDEB  THE   BUTTEB  AND  MABGABINB  ACT,  1907. 

The  butter  and  margarine  act,  1907,  which  is  really  part  of  the  sale 
of  food  and  drugs  acts,  1899,  is  administered  by  the  Board  of  Agri- 
culture and  Fisheries.  This  act  became  operative  on  January  1, 
1908,  and  at  present  there  are  three  inspectors  (not  including  the  local 
inspectors  appointed  by  the  town  and  borough  councils)  at  work  in 
Great  Britain  to  carry  it  into  effect.  These  inspectors  collect  samples 
of  butter  and  margarine,  together  with  a  few  samples  of  mixtures  of 
milk  and  butter.  During  the  year  1910  a  total  of  459  samples  were 
taken.  The  Board  of  Agriculture  and  Fisheries  also  cooperates  with 
the  local  inspectors  who  in  some  districts  take  samples  imder  this  act. 
The  samples  collected  imder  the  act  are  sent  to  the  Bureau  of  Inland 
Revenue  in  London  for  analysis. 

In  Ireland  there  are  4  regular  inspectors  who  look  after  the  butter 
factories  under  the  butter  and  margarine  act,  1907,  and  2  inspectors 
who  take  samples  from  shops.  Besides  these,  there  are  10  dairy 
instructors  imder  the  control  of  the  Department  of  Agriculture  and 
Technical  Instruction  for  Ireland,  and  these  10  have  the  power  of 
sampling.  There  are  also  34  coimty  instructors  in  dair3dng  who  are 
under  the  supervision  of  the  department,  and  it  is  probable  that  the 
authoiity  to  sample  will  be  extended  to  them  also. 

SAMPLINQ  UNDEB  THE  SALE  OF  FOOD  AND  DBUGS  ACT. 

While  His  Majesty's  customs,  as  far  as  the  inspection  force  is  con- 
cerned, confinid  their  attention  to  agricultural  products  (see  p.  18), 
it  is  found  that  analyses  of  these  products  by  the  local  authorities 
within  the  country  is  much  more  extensive. 

For  the  year  ending  December  31,  1907,*  the  total  nimiber  of  sam- 
ples taken  by  the  inspectors  under  the  local  authorities  in  England 
and  Wales  under  the  sale  of  food  and  drugs  act  was  93,088.  This 
included  43,794  samples  of  milk  and  17,845  samples  of  butter.  Dur- 
ing this  same  period  6,842  total  samples  were  taken  in  Scotland,  3,455 
of  these  being  milk. 

An  excellent  plan  is  followed  in  the  collection  of  informal  test  sam- 
ples by  the  inspectors  under  the  local  authorities,  and  during  1907 


1  Loo  dt.,  p.  6. 
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in  Scotland  1,733  test  samples  were  taken,  including  702  samples  of 
milk  and  384  samples  of  butter.  Due  to  the  nature  of  the  collection 
of  these  samples,  it  is  impossible  for  the  local  authorities  to  bring 
prosecution  when  samples  are  found  to  be  adulterated,  but  it  gives 
them  a  very  good  idea  of  the  nature  of  the  commodities  being  sold 
to  the  public  and  indicates  where  the  inspectors  may  well  collect 
official  samples.  In  many  instances  it  is  found  that  in  the  collection 
of  official  samples  by  an  authorized  inspector  great  opxe  and  circum- 
spection have  to  be  exercised  in  order  to  obtain  those  similar  to  the 
ones  which  are  as  a  rule  oflFered  to  the  persons  regularly  making  pur- 
chases from  the  merchants  and  who  are  known  to  them.  In  the 
United  Kingdom  informal  sampling  is  mainly  done  by  local  authori^ 
ties  as  part  of  their  ordinary  administration.  The  collection  of 
informal  test  samples  is  carried  on  by  the  Department  of  Agriculture 
in  this  country,  and  much  valuable  information  is  thus  obtained. 
The  difficidty  experienced  in  Great  Britain  in  the  collection  of 
official  samples  similar  to  the  test  samples  is  not  experienced,  fortu- 
nately, by  the  inspectors  operating  under  the  food  and  drugs  act  in 
the  United  States.  In  1909  about  10  per  cent  of  the  official  samples 
of  all  kinds  collected  in  Scotland  with  the  formalities  required  by 
the  sale  of  food  and  drugs  act  were  foxmd  adulterated,  while  the 
informal  samples  showed  an  adulteration  equivalent  to  about  17  per 
cent.  Official  milk  samples  showed  about  14  per  cent  adulteration 
and  informal  samples  nearly  28  per  cent  adulteration.  Of  the 
official  butter  samples  about  9  per  cent  were  adulterated  and  of  the 
test  samples  about  11  per  cent. 

In  Great  Britain  each  county,  borough,  or  town  coxmcil  appoints 
one  or  more  of  its  officers  as  inspectors  to  take  samples  and  act  under 
the  sale  of  food  and  drugs  acts.  The  direction  of  their  work  is  usually 
a  duty  of  the  medical  officer  of  health  of  the  district.  There  are 
about  1,000  such  inspectors,  and  they  operate  largely  xmder  the  sale 
of  food  and  drugs  act,  but  have  little  to  do  with  the  butter  and  mar- 
garine act. 

It  is  somewhat  sturprising  to  find  that  in  a  country  where  such  care- 
ful control  of  dairy  products  is  exercised  there  is  not  a  great  deal  of 
activity  in  the  sale  of  milk  obtained  from  herds  of  tuberculin-tested 
cows.  There  appears  to  be  practically  no  demand  for  certified  milk, 
for  while  some  attempts  have  been  made  along  this  line,  they  have 
failed  of  popular  support. 

From  an  administrative  point  of  view  one  interesting  phase  of 
this  work  is  seen  in  the  circulars  which  are  sent  to  the  local  authorities 
in  Great  Britain  for  the  purpose  of  aiding  them  in  the  administration 
of  the  sale  of  food  and  drugs  acts,  1875-1907.  The  Local  Govermnent 
Board  issues  a  circular  annually  on  administrative  arrangements  and 
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also  occasionally  sends  out  special  circulars  relating  to  the  adultera- 
tion of  particular  articles  or  to  the  reports  of  the  board's  inspectors 
of  foods.  Reference  may  be  made  by  way  of  illustration  to  the  cir- 
cular issued  imder  date  of  October  10, 1909,  by  the  Board  of  Agricul- 
ture and  Fisheries.  This  deals  with  the  results  of  examination  of  the 
samples  of  products  used  for  the  thickening  of  cream.  Two  of  the 
samples  contained  solutions  of  lime  in  cane-sugar  sinq),  that  is, 
calcium  sucrate,  which  is  well  recognized  for  its  ability  to  thicken 
cream  "wh^n  used  in  small  amounts.  The  determination  of  the 
sucrose  and  of  the  lime  in  the  ash  will  reveal  this  adulteration.  To 
illustrate  the  type  of  memoranda  sent  out  by  the  Local  Government 
Board  to  the  local  authorities,  reference  may  be  made  to  one  issued  on 
May  25,  1910,  imder  the  caption  ' 'Sampling  imder  sale  of  food  and 
drugs  acts. "  This  memorandum  deals  with  the  sale  of  lard  substi- 
tutes as  lard;  the  presence  of  water  in  lard  substitutes,  and  the  pres- 
ence of  paraffin  in  lard,  lard  substitutes,  and  margarine.  Informa- 
tion of  this  kind  from  headquarters  can  not  but  be  of  inestimable 
value  to  the  local  authorities,  as  it  keeps  them  in  touch  with  the  sub- 
jects under  investigation  ai)d  suggests  what  adulterants  should  be 
looked  for. 

Discussion  OF  TEE  PBHrCIPAL  FOOD  LAWS. 

THE  8ALB  OF  FOOD  AND  D&TJ04B  ACTS,  1875-18M. 

The  sale  of  food  and  drug  acts,  1875-1899,  and  the  butter  and  mar- 
garine act,  1907,*  are  the  laws  which  are  most  interesting  from  the 
viewpoint  of  those  who  have  to  deal  with  the  adulteration  of  food, 
and  most  of  the  prosecutions  are  based  on  these.  The  sale  of  food 
and  drugs  act,  1875,  is  the  basic  law.  The  amendment  to  it  in  1899 
makes  a  large  number  of  changes.  The  most  important  of  these 
changes  are  briefly  as  follows:* 

The  changes  in  the  law  occasioned  by  the  act  of  1899,  which  comes  into  operation 
on  the  let  of  January  next,  are  very  considerable;  the  most  important  being  (sec.  1) 
the  precautions  against  importation  of  agricultural  and  other  produce  insufficiently 
marked;  (sec.  2)  power  for  the  Local  Government  Board  and  Boaid  of  Agriculture  to 
sample  articles  of  food;  (eoc.  3)  the  imposition  on  local  authorities  of  a  leigal  duty  to 
appoint  analysts  and  exercise  their  powers  under  the  food  and  dn^  acta  and  power 
for  the  Local  Government  Board  or  Board  of  Agriculture  to  act  in  their  de&iult;  (sec.  4) 
power  for  Board  of  Agriculture  to  make  regulations  and  standards  as  to  analysis  of 
milk,  cream,  butter,  or  cheese;  (sec.  7)  provisions  as  to  keeping  of  register  by  manu- 
^turers  and  dealers  in  margarine  and  margarine  cheese,  and  power  for  officers  of  the 
Board  of  Agriculture  to  infi;>ect  and  take  samples  from  manufactories  of  margarine  and 
maigarijie  cheese;  (sec.  8)  restriction  on  the  amoimt  of  butter  fat  in  margarine;  (sec. 
17)  the  increase  of  penalties  and  power  in  the  court  to  imprison  in  certain  cases;  (sec. 
26)  the  enlarged  definition  of  food. 

1  See  pp.  11  and  22  for  administrative  details. 

s  The  Adulteration  of  Food,  by  D.  C.  BarUey,  3d  ed.,  1907. 
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IMPQBTANT   SSGTK>NS  OF  THE   AOT. 

The  great  -bulk  of  prosecutions  in  Great  Britain  under  the  sale  of 
food  and  drugs  Jtcts,  1875-1899,  occiu-  under  sections  3  to  9,  inclusive. 
These  sections  are  found  in  the  1875  act  and  the  ones  not  modified  in 
the  act  of  1899  are  as  follows: 

3.  Mixing  injurious  ingredients  with  food.  No  person  shall  mix,  colour,  stain,  or 
powder,  or  order  or  permit  any  other  person  to  mix,  colour,  stain,  or  powder  any  article 
of  food  with  any  ingredient  or  material  so  as  to  render  the  article  injurious  to  health, 
with  intent  that  the  same  may  be  sold  in  that  state,  and  no  person  ^11  sell  any  such 
article  so  mixed,  coloured,  stained,  or  powdered,  under  a  penalty  in  each  case  not 
exceeding  fifty  pounds  for  the  tot  o£tence;  every  offence,  after  a  conviction  for  a  fiist 
offence,  diall  be  a  misdemeanor,  for  which  the  person  on  conviction,  shall  be  impris- 
oned for  a  period  not  exceeding  six  months  with  hard  labor. 

4.  Mixing  drugs  with  injurious  ingredients.  No  person  shall,  except  for  the  purpose 
of  compoimding  as  hereinafter  described,  mix,  colour,  stain,  or  powder,  or  order  or  per- 
mit any  other  person  to  mix,  colour,  stain,  or  powder,  any  drug  with  any  ingredient 
or  material  so  as  to  affect  injuriously  the  quality  or  potency  of  such  a  drug,  with 
intent  that  the  same  may  be  sold  in  that  state,  and  no  person  shall  sell  any  such  drug 
so  mixed,  coloured,  stained,  or  powdered,  under  the  same  penalty  in  each  case  respec- 
tively as  in  the  preceding  section  for  a  first  and  subsequent  offence. 

5.  Proof  of  absence  of  knowledge.  Provided  that  no  person  shall  be  liable  to  be 
convicted  under  either  of  the  two  last  foregoing  sections  of  this  Act  in  respect  of  the 
sale  of  any  article  of  food,  or  of  any  drug,  if  he  shows  to  the  satisfaction  of  the  justice  or 
court  before  whom  he  is  charged  that  he  did  not  know  of  the  article  of  food  or  drug 
sold  by  him  being  so  mixed,  coloured,  stained,  or  powdered  as  in  either  of  these 
aecUons  mentioned,  and  that  he  could  not  with  reasonable  diligence  have  obtained 
that  knowledge. 

6.  S€Ue  of  articUs  of  food  and  of  drugs  not  of  the  proper  nature,  substance,  and  quality. 
No  person  shall  sell  to  the  prejudice  of  the  purchaser  any  article  of  food  or  any  drug 
which  is  not  of  the  nature,  substance,  and  quality,  of  the  article  demanded,  by  such 
purchaser,  imder  a  penalty,  not  exceeding  twenty  pounds;  Provided  that  an  offence 
diall  not  be  deemed  to  be  committed  under  this  section  in  the  following  cases;  that  is 
to  say 

(1)  Where  any  matter  of  ingredient  not  injurious  to  health  has  been  added  to  the 
food  or  drug  because  the  same  is  required  for  the  production  or  preparation  thereof 
as  an  article  of  commerce,  in  a  state  fit  for  carriage  or  consumption,  and  not  fraudu- 
lently to  increase  the  bulk,  weight,  or  measure  of  the  food  or  drug,  or  conceal  the 
inferior  quality  thereof; 

(2)  Where  the  drug  or  food  is  a  pr(^rietary  medicine  or  is  the  subject  of  a  patent  in 
f(xce,  ;uid  is  supplied  in  the  state  required  by  the  specification  of  the  patent; 

(3)  Where  the  food  or  drug  is  compounded  as  in  this  Act  mentioned; 

(4)  Where  the  food  or  drug  is  unavoidably  mixed  with  some  extraneous  matter  in 
the  process  of  collection  or  preparation. 

7.  Compound  articles  of  food  and  compoun^led  drugs.  No  person  shall  sell  any  com- 
pound article  of  food  or  compounded  drug  which  is  not  composed  of  ingredients  in 
accordance  with  the  demand  of  the  purchaser,  imder  a  penalty  not  exceeding  twenty 
pounds. 

8.  Protection  from  offences  by  giving  label.  Provided  that  no  person  shall  be  guilty 
of  any  such  offence  as  aforesaid  in  respect  of  the  sale  of  an  article  of  food  or  a  drug 
mixed  with  any  matter  or  ingredient  not  injurious  to  health,  and  not  intended  fraudu- 
lently to  increase  its  bulk,  weight,  or  measure,  or  conceal  its  inferior  quality,  if  at  the 
time  of  delivering  such  article  or  drug  he  shall  supply  to  the  person  receiving  the  same 
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a  notice  by  a  label  distinctly  and  legibly  written  or  printed  on  or  with  the  article  or 
drug,  to  the  e£fect  that  the  same  is  mixed. 

9.  Abstraction  of  part  of  an  article  of  food  before  sale.  No  person  shall,  with  the  intent 
that  the  same  may  be  sold  in  its  altered  state  without  notice,  abstract  from  an  article 
of  food  any  part  of  it  so  as  to  affect  injuriously  its  quality,  substance,  or  nature,  and  no 
person  shall  sell  any  article  so  altered  without  making  disclosure  of  the  alteration , 
under  a  penalty  in  each  case  not  exceeding  twenty  pounds. 

PRINCIPAL  OFFENSES. 

These  offenses  are  well  condensed  by  Bell,  Scrivener,  and  lioyd  in 
their  book,  The  Sale  of  Food  and  Drugs  Acts,  1875  to  1899,  fourth 
edition,  on  pages  32  et  seq.,  of  the  introduction,  which  read  as  follows : 

PRINCIPAL  OFFENCES. 

(1) — (a)  The  mixing  of  injurious  ingredients  with  any  article  of  food  or  drug  sold  or 
intended  to  be  sold  (sections  3  and  4). 
(b)  The  selling  of  any  article  so  mixed  (sections  3  and  4). 
(2) — (i)  The  selling  of  any  article  of  food  or  drug  which 

(a)  is  inferior  in  nature,  substance,  and  quality  to  the  article  demanded  by  the 
purchaser  (section  6). 

(b)  being  a  compounded  article  of  food  or  drug,  is  not  compounded  in  accordance 
with  the  demands  of  the  purchaser  (section  7). 

(ii) — (a)  The  abstraction  from  any  article  of  food  sold  or  intended  to  be  sold  or  any 
part  of  it,  so  as  to  affect  injuriously  its  quality,  nature  or  substance,  without  making 
disclosure  of  the  alteration  (section  9). 

(b)  The  selling  of  any  article  so  altered  (section  9). 

The  main  differences  between  the  two  classes  of  offences  are,  that  in  the  case  of  (1)  it 
must  be  shown  that  the  article  is  injurious  to  health  (or,  if  it  be  a  drug,  that  its  quality 
or  potency  has  been  injuriously  affected),  whereas  in  the  case  of  (2)  the  fcwit  that  the 
addition,  abstraction,  or  whatever  it  may  have  been  was  harmless,  is  immaterial;  that 
in  the  case  of  (1)  guilty  knowledge  is  an  essential  element  of  the  offence,  whereas  in 
(2)  it  is  not;  and  that  the  penalty  imder  (1)  is,  of  course,  much  heavier. 

That  offences  of  the  first  class  are  comparatively  rare  nowadays,  is  shown  by  the 
following  extract  from  the  report  of  the  Select  Committee  of  1894-1896: 

''There  is  reason  to  think  that  the  adulteration  of  food  with  substances  injurious 
to  health  has  diminished  greatly  during  recent  years.  Proceedings  have  rarely  been 
taken  under  Section  3  of  the  Sale  of  Food  and  Drugs  Act,  1875,  in  respect  of  this  class 
of  offences.  No  doubt  this  may  partly  be  accoimted  for  by  the  fact  that  it  would  in 
no  case  be  an  easy  matter  to  obtain  convictions  under  the  section  referred  to,  because 
it  is  necessary  to  prove  that  the  adulteration  is  dangerous  to  health,  and  that  the 
person  charged  with  the  adulteration  has  guilty  knowledge  of  the  same.  '  Moreover, 
it  is  to  be  borne  in  mind  that  the  pimishments  which  may  be  inflicted  for  offences  of 
this  character  are  more  severe  than  those  imposed  by  the  provisions  of  the  Act  which 
relate  to  adulteration  with  harmless  substances.  But  whatever  may  be  the  cause  of 
the  diminution  of  this  description  of  offences,  it  is  sads^tory  to  note  the  same.*' 

For  the  second  class  of  offences,  section  6  is  the  all-important  section,  and  imder 
it  the  bulk  of  the  prosecutions  imder  the  Sale  of  Food  and  Drugs  Acts  are  instituted. 
Although  its  provisions  have  been  made  the  subject  matter  of  a  number  of  reported 
cases,  the  tendency  of  the  decisions  throughout  has  been  to  widen,  rather  than  to 
curtail,  its  scope.  It  is  now  well  recognized  that  the  primary  object  of  these  acts  is 
not  80  much  the  punishment  of  those  who  deserve  to  be  punished,  as  the  protection 
of  the  public  at  large,  and,  therefore,  the  seller  of  an  adulterated  article  is  liable  to  u 
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convictioii  under  this  section,  even  though  he  may  be  innocent  of  any  attempt  to 
cheat  his  customers,  and  though  the  actual  offender  (who  can,  of  course,  also  be 
punished)  may  be  a  servant,  or  even  a  person  over  whom  he  has  no  control. 

Section  7,  which  refers  to  compounded  articles,  is  little  used,  inasmuch  as  an  offence 
against  its  provisions  is  equally  punishable  imder  section  6. 

Section  9  deals  with  abstraction  alone,  and  was  specially  designed  to  meet  the  case 
of  the  removal  of  cream  from  milk.  Its  provisions  are  more  stringent  than  those  of 
section  6,  and  certain  defences  which  are  available  under  section  6,  as  will  be  seen 
presently,  are  not  available  under  section  9. 

GOMPABISONS  WITH  THE  FOOD  LAW  OF  THE  UNTTBD  STATES. 

Section  3  of  the  1875  act  resembles  somewhat  m  its  wording  certain 
phraseology  foimd  in  the  food  law  of  the  United  States,  namely,  sec- 
tion 7,  paragraph  4,  in  the  case  of  foods,  where  it  is  held  that  a  food 
is  adulterated  '*  if  it  be  mixed,  colored,  powdered,  coated,  or  stained 
in  a  manner  whereby  damage  or  inferiority  is  concealed."  The  1875 
act,  however,  makes  the  offense  depend  upon  the  mixing,  coloring, 
staining,  and  powdering  with  an  ingredient  so  as  to  render  the  article 
injurious  to  health.  Another  very  important  difference  lies  in  the 
phrase  *  *  with  interU  that  the  same  may  be  sold  in  that  state."  Under 
this  section  a  provision  is  made  for  a  prison  sentence  not  to  exceed 
six  months  on  a  second  conviction.  The  penalties  provided  for  under 
the  sale  of  food  and  drugs  acts  are  such  that  the  first  offense  bears  a 
maximum  penalty  of  £20,  the  second  offense  £50,  and  the  third  and 
subsequent  offenses  £100  each  (sec.  17,  act  of  1899).  Provision  is 
also  made  in  section  17  of  the  act  of  1899  for  imprisonment,  where 
the  '* offense,"  in  the  opinion  of  the  court,  ''was  committed  by  the 
personal  act,  default,  or  culpable  negligence  of  the  person  accused.'^ 
The  limit  of  imprisonment  is  three  months. 

Under  our  Federal  law,  where  conviction  is  obtained  in  the  courts 
for  shipping  nusbranded  or  adulterated  foods  or  drugs  in  interstate 
commerce,  the  limit  of  the  penalty  is  a  $200  fine  for  the  first  offense, 
and  for  each  subsequent  offense  a  fine  not  to  exceed  $300  or  imprison- 
ment not  to  exceed  one  year,  or  both,  in  the  discretion  of  the  court. 

The  penalty  for  the  manufacturer  of  proscribed  foods  and  drugs 
within  the  Territories  and  the  District  of  Columbia  is  more  severe 
than  for  their  sale  in  interstate  conmaerce,  being  for  each  offense  a 
fine  not  to  exceed  $500  or  one  year's  imprisonment,  or  both,  within 
the  discretion  of  the  court. 

In  prosecutions  under  section  3  of  the  English  law  guilty  knowledge 
must  be  proven.  This  is  required  by  section  5.  The  courts  of  Great 
Britain  have  not  been  invoked  to  act  frequently  under  section  3.  The 
question  of  intent  has  decreased  its  usefulness,  and  again,  trials  based 
on  it  are  found  to  be  very  expensive  because  of  the  expert  evidence 
necessary  to  prove  the  effect  on  health  of  the  articles  of  food  under 
discussion.    It  is  in  connection  with  this  section  that  the  **  Report 
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of  the  departmental  committee,  appointed  to  inquire  into  the  use  of 
preservatives  and  coloring  matters  in  the  preservation  and  coloring 
of  food''  is  of  value.  The  report  of  this  committee  was  published  in 
1901,  and  their  recommendations  are  given  on  pi^e  30. 

In  1896  th«  justices  at  South  London  sessions  had  before  them  the 
question  of  sulphate  of  copper  used  in  greening  peas.  They  held  that 
it  was  in  violation  of  section  3  to  sell  a  1-pound  bottle  of  peas  with  the 
knowledge  that  it  contained  an  amount  of  copper  equivalent  to  3 
grains  of  this  chemical.  This  is  equivalent  to  0.8  grain  of  metallic 
copper  per  pound.  (Sumners  v.  Grist,  60  J.  P.,  346.)  There  have 
in  fact  been  other  successful  prosecutions  in  the  courts  of  Great 
Britain  because  of  the  large  amounts  of  copper  found  in  peas  and 
spinach.  Among  recent  cases,  reference  may  be  made  to  spinach  con- 
taining 10  grains  of  copper  sulphate  per  pound  (British  Food  Journal, 
1910,  p.  19),  and  peas  containing  3.5  grains  of  copper  sulphate  per 
pound  (British  Food  Journal,  1910,  p.  99). 

Under  section  3  of  the  act  of  1875  it  is  not  sufficient  to  prove  that 
the  substance  mixed  ^th  the  food  is  injurious  to  health,  but  it  is  neces- 
sary to  show  that  the  food  so  prepared  is  injurious.  A  person  can  not 
be  prosecuted  for  the  sale  of  an  injurious  article  liot  in  ftself  a  food, 
altbotr^  the  vendor  had  knowledge  that  the  injurious  substtoce  was 
to  be  mixed  with  foodstuffs  or  used  in  their  preparation. 

In  the  law  of  the  United  States  there  a^e  two  requirements:  (1) 
The  added  ingredient  must  be  shown  to  be  a  poison  or  a  deleterious 
substance;  (2)  the  article  containing  the  added  poison  or  deleterious 
substance  must  be  shown  to  be  one  that  may  be  injurious  to  health. 

Section  4  of  the  act  of  1875  deals  with  drugs,  and  its  phraseology  is 
somewhat  similar  to  that  of  section  3,  which  deab  with  foods.  This 
difference  is  to  be  noted :  Section  4  says  nothing  about  the  drug  being 
injurious  to  health,  but  merely  that  the  mixing,  etc.,  shall  "affect 
injuriously  the  quality  or  potency"  of  the  drug,  and  section  5  relieves 
the  vendor  from  responsibiUty  if  he  can  show  the  absence  of  knowledge 
of  the  fact  that  the  potency  or  quality  of  the  drug  had  been  injured 
and  "that  he  could  not  with  reasonable  diligence  have  obtained  that 
knowledge." 

The  most  important  section  of  all  is  section  6,  for  under  it  most  of 
the  prosecutions  are  now  brought.  Under  this  section  it  is  in  viola- 
tion of  the  sale  of  food  and  drugs  act  to  "sell  to  the  prejudice  of  the 
purchaser  any  article  of  food  or  any  drug  which  is  not  of  the  nature ^ 
substance,  and  quality  of  the  article  demanded."  One  important 
feature,  however,  of  the  whole  section  which  differentiates  it  from 
sections  3  and  4  is  that  it  is  not  incumbent  to  prove  guilty  knowledge; 
that  is,  that  the  vendor  Tcnew  that  the  purchaser  was  being  prejudiced 
by  purchasing  a  product  not  of  the  nature,  substance,  and  quality 
demanded.     This  makes  the  provisions  of  these  acts  more  readily 
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enforced,  and  prosecutions  may  be  broti^t  under  section  6  which 
might  have  been  unsuccessful  if  brought  under  sections  3  and  4.  In 
the  administratieii  of  section  6  one  phase  of  judicial  construction  is 
particulaiiy  interesting  because  it  shows  the  difference  in  the  method 
of  handling  cases  in  Great  Britain  and  in  the  United  Stated.  In 
Great  %itmn  "  a  purchaser  caai  not'  be  prejudiced  when  notice  is  given 
to  him  art  the  time  of  thcr  sale  that  an  article  sold  is  not  of  the  nature, 
substMice,  and  quality  of  t^e  article  he  demands.''  In  ^e  United 
States  it  is  required  that  the  label  ^ve  proper  notice;  that  is,  if  a  prod- 
uct is  labeled,  it  must  carry  truthful  statements  on  it.  Thero  is,  in 
genend,  no  I^al  requircttneoit  for  placing  a  label  on  a  food,  and  in  the 
case  of  drugs,  only  limited  requirements.  It  is  possible,  however, 
for  a  food  to  be- both  adulterated  and  misbtanded  although  bearing  no 
label.  The  Secretary  of  the  Treasury,  ike  Secretary  of  Agriculture, 
and  the  Secretlary  of  Commerce  and  Labor,  in  Regtdatioti  22  of  the 
Rules  wod  ReguliaMons  for  the  Enloiiceaneftt  of  th€^  Food  esBtd  Drugs 
Act  (Ckcolar  No.  21,  revised),  state  that — 

It  is  proliibited  to  sell  or  off^  for  bBlU  a  food  of  drug  product  bearing  no  liabel  upon 
the  paekftge  or  no  <fcecrfptiv^  mati^er  whatever  connected  wfA  it,  either  by  derign, 
device,  or  oth«-wiBe>  if  said  pitdtict  be  an  iimttttton^  of  ov  offered  ier  sale  onder  the 
name  ol  another  article. 

Th^!^  are,  under  section  6^  o<  the  sale  of  food  and  dinigs  act,  four 
provisos  whieh  giTe  execution  from  its  terms.  Subsection  2  excludes 
proprietary  medicines  ft*om  the  coi^ideratiott  of  t&e  law.  Subsection 
3  of  seetioit  6  is-  inoperative^  becau^  the  law  is  silent  as  to  how  drugs 
are  to  be^  oempounded. 

No  stamdards  are  written*  mto  many  of  our*  St«te  laws  nof  into 
the  Federal  law,  and  the  same  is  practically  true  of  the  sale  of  food 
and  drugs  act*  and  it  is  necessary  in  consequence  to  determine  in 
each  specific  case  whether  the  article  is  in  violation  of  section  6. 
The  Briticfe  Pharmacopoeia  is  generaUy  made  use  of  in  connection: 
with  the  enfcH^^ment  of  the  law,  and  though  it  is  not  conclusive, 
very  strong  evidence  is  necessary  to  displace  it. 

Subsection  4  of  section  6  leaves  it  to  be  determined  in  each  instance 
by  evidence  whether  or  not  a  food  or  drug  has  been  unavoidably 
mixed  with  extraneotis  matter  in  the  process  of  collection  or  prepa- 
ration. This^  must  be  necessarily  so  in  the  absence  of  standards, 
and  th«re  is  a  complete  pM*alIel  in  the  food  and  drugs  act  of  the 
United  States.  While  Circular  19  of  the  OflBce  of  the  Secretary  of 
Agriculture  may  serve  as  a  guide  in  determining  whether,  for  example, 
cayenne  pepper  has  an  undue  amount  of  sand  or  dirt  ground  with 
it,  yet  it  nmst  be  determined  by  the  courts  whether  or  not  the  amount 
foimd  constitutes  an  adulteration. 

*  There  are  a  tew  exoeptions  in  the  sale  of  food  and  drugs  acts,  as  water  In  spirits  (1879  act,  sec.  6); 
fvmterln  botter  and  nurgartne  (batter  and  margarine  act,  1907),  etc. 
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This  identical  type  of  question  has  in  fact  come  before  the  Britiali 
courts  and  they  determined  that  **  owing  to  the  method  in  which, 
caper  tea  is  produced,  the  presence  of  3.5  per  cent  of  mineral  matter 
in  the  tea  did  not  constitute  an  adulteration,  and  that  the  seller 
was  protected  by  this  subsection. '^ 

Section  7  is  less  broad  in  its  language  than  section  6,  and  any 
article  in  violation  of  the  former  may  be  prosecuted  under  the  latter- 
Section  7  seems  to  apply  to  those  compoimded  goods,  **the  composi- 
tion of  which  is  distinctly  recognized  or  indicated." 

Section  8  is  a  labeling  provision,  and  in  effect  provides  that  an 
article  if  distinctly  and  legibly  labeled  is  not  in  violation  of  this 
section,  imless  the  food  or  drug  is  mixed  in  a  manner  to  increase 
its  bulk,  weight,  or  measure,  fraudulently.  With  this  latter  proviso 
in  view,  the  British  courts  have  held  that  a  mixture  of  60  per  cent 
of  chicory  and  40  per  cent  of  coflFee  was,  in  spite  of  a  label  stating 
that  the  product  was  such  a  mixture,  in  violation  of  section  8,  because 
the  chicory  has  been  fraudulently  added  to  increase  its  bulk,  weight, 
or  measure.  In  this  case,  however,  it  appears  that  the  inspector 
asked  for  coffee  and  received  the  product  labeled  as  a  mixture  of 
chicory  and  coffee,  which  it  was  in  fact.  In  another  case,  an  inspector 
asked  for  ** French  coffee"  and  received  a  product  so  labeled,  the 
label  indicating  further  that  the  product  was  a  mixture  of  chicory 
and  coffee.  The  courts  of  Great  Britain  held  that  the  label  gave 
proper  notice  to  the  purchaser  and  that  he  was  not  prejudiced. 
In  another  case,  where  the  purchaser  asked  for  ** coffee"  he  was 
informed  that  there  was  none  in  stock  and  was  sold  instead  a  product 
labeled  ** coffee  and  chicory,"  his  attention  having  been  called  to 
the  label  prior  to  the  purchase.  The  courts  refused  to  convict  in 
this  case. 

Section  9  has  its  counterpart  in  section  7  (3)  in  the  case  of  foods 
in  the  food  law  of  the  United  States,  which  considers  a  food  adul- 
terated "if  any  valuable  constituent  of  the  article  has  been  wholly 
or  in  part  abstracted." 

Section  9  appears  to  have  been  included  in  the  sale  of  food  and 
drugs  acts  to  cover  especially  those  cases  where  milk  has  been 
deprived  of  the  whole  or  a  part  of  the  butter  fat  or  cream  normal  to  it. 

There  has  been  a  number  of  interesting  milk  cases  brought  under 
this  section.  For  example,  a  product  was  labeled  "condensed 
skimmed  milk."  Analysis  showed  that  97  per  cent  of  the  fat  had 
been  removed  by  means  of  a  separator.  Inasmuch  as  proof  was 
adduced  that  not  over  63  per  cent  of  milk  fat  could  be  removed  by 
skimming,  the  product  was  not  properly  designated  as  "condensed 
skimmed  milk"  and  the  high  court  did  not  interfere  with  the  judg- 
ment of  the  lower  court  in  this  case,  which  had  been  for  conviction. 
In  another  case  a  product  was  labeled  "condensed  milk,  Swiss  dairy 
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bruid";  in  small  type  the  label  bore  the  further  legend,  'Hhis  tin 
contains  skimmed  milk."  There  was  a  deficiency  of  93  per  cent 
butter  fat,  but  the  court  held  that  the  purchaser  had  been  sufficiently 
informed  as  to  the  character  of  the  product  although  his  attention 
had  not  been  specifically  called  to  the  label  at  the  time  of  purchase. 
Another  interesting  case  is  that  of  a  yendor  of  milk  who,  over  a  period 
of  four  or  fire  hours,  sold  milk  in  small  amounts  from  a  can  containing 
8  gallons  of  whole  milk.  The  milk  was  not  thoroughly  mixed  each 
time  a  sale  was  made  and  as  the  cream  rose  the  lower  part  of  the  can 
contained  a  milk  deficient  in  fat.  When  but  2  quarts  remained,  an 
inspector  purchased  a  sample,  which  on  analysis  was  found  to  show 
a  deficiency  of  33  per  cent  of  fat  and  the  courts  decided  that  section 
8  had  been  violated. 

METHOD  OF  SAMPLINO. 

The  method  of  sampling  is  very  similar  to  that  pursued  by  the 
inspectors  under  the  American  law.  It  is  required  that  the  samples, 
80  purchased  for  analytical  purposes,  shall  be  divided  into  three  parts 
at  the  time  of  purchase,  and  after  sealing  or  otherwise  marking  each 
part  the  consignor  "shall,  if  required  to  do  so,  deliver  one  of  the 
parts  to  the  seller  or  his  agent."  The  consignor  must,  however,  be 
informed  at  the  time  of  purchase  that  the  samples  are  to  be  analyzed 
by  the  pubUc  analyst.  One  of  the  remaining  parts  goes  to  the  public 
analyBt,  the  other  is  retained  for  "future  comparison."  If  this 
third  sample  is  lost  or  becomes  spoiled  so  as  to  be  unfit  for  analysis, 
the  case  can  not  be  tried  in  court,  for  the  court  will  require  that  the 
diird  sample  be  produced.  The  vendor  can  appeal  for  the  third 
sample  to  be  analyzed,  and  such  analysis  is  made  in  the  inland 
revenue  laboratory.  The  vendor  may  have  his  sample  analyzed  by 
anyone  he  chooses.  This  brings  about  a  very  peculiar  situation, 
namely,  that  it  is  possible  for  the  public  analyst  to  have  for  examina- 
tion not  only  the  official  sample,  but  also  the  vendor's  sample, 
because  most  public  analysts  are  not  exclusively  engaged  in  the 
public  service,  but  are  engaged  in  outside  work  as  well. 

The  regulations  in  this  country  require  that  "A  sample  taken  from 
bulk  goods  shall  be  divided  into  three  parts,  and  each  shall  be  labeled 
with  the  identifying  marks.  If  a  package  be  less  than  4  pounds,  or 
in  volume  less  than  2  quarts,  three  packages  shall  be  purchased 
when  practicable  *  *  *.  When  three  samples  are  purchased,  one 
sample  shall  be  delivered  to  the  Bureau  of  Chemistry  or  to  such 
chemist  or  examiner  as  may  be  designated  by  the  Secretary  of  Agri- 
culture; the  second  and  third  samples  shall  be  held  under  seal  by 
the  Secretary  of  Agriculture,  who,  upon  request,  shall  deliver  one 
of  such  samples  to  the  party  from  whom  purchased  or  to  the  party 
guaranteeing  such  merchandise.    When  it  is  impracticable  to  collect 
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three  samples  or  to  divide  the  sample  or  samples,  the  order  of  delivery 
outlined  above  shall  obtain,  and  in  case  there  is  a  second  sample  the 
Secretary  of  Agriculture  may,  at  his  discretion,  deliver  such  sample 
to  the  parties  interested.  All  samples  shall  be  sealed  by  the  collector 
with  a  seal  provided  for  the  purpose. " 

In  the  United  Kingdom  the  Local  Government  Board,  as  well  as 
the  Board  of  Agriculture,  has  power  to  collect  samples  under  the  sale 
of  food  and  drugs  act,  and  when  they  are  collected  ''the  officer  pro- 
curing such  sample  shall  divide  the  same  into  four  parts  and  shall 
deal  with  three  of  such  parts  in  the  manner  directed  by  section  14  of 
the  sale  of  food  and  drugs  act,  1875,  as  amended  by  this  act  and  shall 
send  the  fourth  part  to  the  board  ♦  ♦  *."  This  is  taken  from 
section  2  of  the  sale  of  food  and  drugs  act,  1899.  The  amendment 
referred  to  (sec.  13  of  the  act  of  1899)  is  discussed  above  and  differs 
but  little  from  the  form  in  which  it  is  found  in  the  1875  statute. 

There  exists,  however,  one  marked  difference  in  the  mode  of  col- 
lecting small  samples.  In  Great  Britain  the  separation  or  mibdivision 
must  be  made  from  a  sample  comprising  the  whole  amount  purchased. 
In  one  instance  an  inspector  purchased  six  bottles  of  camphorated  oil 
which  were  subdivided  into  three  sets  of  two  bottles  each.  The  court 
held  that  this  was  not  the  correct  procedure  and  that  the  samples 
were  illegal.  What  should  have  been  done  was  to  mix  the  entire  con- 
tents of  the  six  bottles  and  then  subdivide  as  required  by  the  law. 

It  should  be  noted  in  passing  that  the  sale  of  food  and  drugs  act 
provides  a  penalty  for  refusing  to  sell  an  article  to  any  officer. 

The  certificate  of  analysis  and  findings  of  the  public  analyst  are  con- 
sidered as  evidence  in  the  courts,  but  the  analyst  is  always  subject  to 
call  for  testimony  at  the  wish  of  the  defendant  or  prosecutor.  While 
this  is  speci^cally  provided  for  in  the  sale  of  food  and  drugs  act,  1875 
(sec.  21)  and  1899  (sec.  22),  when  certificates  are  submitted  by  both 
parties  interested  in  the  prosecution  and  the  results  given  are  more 
or  less  contradictory,  it  is  left  to  the  magistrate  to  determine  which  is 
the  more  reliable.  If  the  difference  is  a  matter  which  can  be  deter- 
mined by  analysis  of  the  third  or  reserve  sample,  the  magistrate  in  such 
cases  adjourns  the  case  for  a  report  on  that  sample  by  the  principal 
chemist  of  the  Government  (inland  revenue)  laboratory. 

GUARANTIES. 

One  of  the  important  sections  of  the  act  of  1875  is  section  25,  as 
amended  by  section  20  of  the  act  of  1899.  These  sections  deal  with 
the  question  of  warranty.     The  act  of  1875  (sec.  25)  provides  that: 

If  the  defendant  in  any  proeecution  tinder  this  act  prove  to  the  satisfaction  of  the 
justices  or  court  that  he  had  purchased  the  article  in  question  as  the  same  in  nature, 
substance,  and  quality  as  that  demanded  of  him  by  the  prosecutor,  and  with  a  written 
warranty  to  that  effect,  that  he  had  no  reason  to  believe  at  the  time  when  he  sold  it 
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that  the  article  waa  otherwise,  and  that  he  sold  it  in  the  same  state  as  when  he  pur- 
chased it,  he  shall  be  discharged  from  the  prosecution,  but  shall  be  liable  to  pay  the 
costs  incurred  by  the  prosecutor,  unless  he  shall  have  given  due  notice  to  him  that  he 
will  rely  on  the  above  defense. 

The  amendment  (sec.  20  of  the  act  of  1899)  changes  the  scope  of 
the  above  somewhat,  but  does  not  render  negative  the  principle  that 
a  warrant  under  such  certain  conditions  is  in  itself  a  good  defense. 
This  principle  has  also  been  included  in  the  food  law  of  the  United 
States  under  section  9,  wherein  a  guaranty  may  be  used  as  a  defense 
provided  it  comes  from  the  person  from  whom  the  goods  were  pur- 
chased. In  England  the  primary  object  was  to  protect  the  innocent 
retailer,  as  under  the  English  sale  of  food  and  drugs  acts  the  prosecu- 
tions are  always  first  instituted  against  the  dealer.  The  English  war- 
ranty provisions,  while  protecting  the  retailer,  are  defective  against 
the  wholesaler  or  manufacturer,  and  there  is  at  present  a  considerable 
demand  from  local  authorities  for  legislation  which  will  enable  them 
more  effectively  to  reach  the  responsible  person.  Section  20  (3)  of 
the  act  of  1899  provides  that — 

A  warranty  or  invoice  given  by  a  person  resident  outside  the  United  Kingdom  shall 
not  be  available  as  a  defence  *  *  *  unless  the  defendant  proves  that  he  had  taken 
reasonable  steps  to  ascertain  and  did  in  fact  believe  in  the  accuracy  of  the  statement 
contained  in  the  warranty  or  invoice. 

Herein  is  a  distinction  to  be  drawn  between  the  warranty  section 
of  the  sale  of  food  and  drugs  act,  1899,  and  that  of  the  American  law, 
section  9  of  which  provides  that  the  guaranty  must  be  signed  by  a 
party  residing  in  the  United  States. 

SALE  OF  MILK  BBOULATIONS,  1901. 

By  virtue  of  the  authority  given  the  Board  of  Agriculture  in  section 
4  of  the  sale  of  food  and  drugs  act  (1899),  it  has  issued  what  is  termed 
the ''  Sale  of  milk  regulations,  1901."  When  milk  contains  less  than  3 
per  cent  of  milk  fat  or  less  than  8.5  per  cent  of  solids  not  fat,  it  lies  with 
the  seller  to  prove  that  water  has  not  been  added.  The  same  is  true 
in  the  case  of  skimmed  milk  containing  less  than  9  per  cent  of  total 
milk  solids.  Under  the  same  authority  (sec.  4)  the  Board  of  Agricul- 
ture has  issued  the  sale  of  butter  regulations,  1902.  These  provide 
that  if  butter  contains  more  than  16  per  cent  of  water,  it  rests  with  the 
seller  to  prove  that  water  was  not  intentionally  added.  It  is  estab- 
lished that  milk  may  contain  under  certain  circumstances  less  than  3 
per  cent  of  milk  fat  and  still  be  genuine;  on  the  contrary,  milk  may 
have  over  3  per  cent  of  milk  fat  and  not  be  a  genuine  nulk.  The  sale 
of  milk  (Ireland)  regulations,  1901,  and  the  sale  of  butter  (Ireland) 
regulations,  1902,  are  identical  with  those  discussed  above  for  Great 
Britain. 
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In  1907  a  request  was  made  of  the  Board  of  Agriculture  and  Fish- 
eries for  legislation  making  it  compulsory  for  local  authorities,  in 
cases  where  milk  was  found  below  the  standards  set  forth  in  the  sale 
of  milk  regulations,  1901,  to  resort  to  the  procedure  known  as  the 
appeal  to  the  cow.  This  procedure  was  to  consist  in  the  collection  of 
fr€»h  samples  within  24  hours  after  the  inspector  had  collected  the 
suspected  milk,  due  regard  being  given  to  the  amount  of  milk  sent 
out  by  the  cow  keeper  on  the  day  of  the  appeal  as  compared  with  the 
amoimt  sent  out  on  the  day  on  which  the  sample  was  collected  by  the 
inspector.  The  Board  of  Agriculture  and  Fisheries  does  not  appear 
to  favor  this  appeal  to  the  cow  being  made  compulsory,  for  there  are 
apparently  serious  administrative  difficulties  which  would  render  such 
legislation  unwise.  It  appears,  however,  that  when  this  practice  has 
been  volimtarily  instituted  by  the  several  local  authorities,  some 
useful  results  have  been  obtained. 

BUTTEB  AND  HABOABINB  ACT,    1907.^ 

On  the  1st  of  January,  1908,  the  butter  and  margarine  act,  1907, 
went  into  effect.  This  act  is  a  part  and  parcel  of  the  sale  of  food  and 
drugs  acts,  but  deals  exclusively  with  the  control  of  margarine, 
butter,  and  ** milk-blended"  butter.  By  the  term  ** margarine"  is 
understood  **any  article  of  food,  whether  mixed  with  butter  or  not, 
which  resembles  butter  and  is  not  milk-blended  butter."  **Milk- 
blended  butter"  is  any  mixture  produced  by  mixing  or  blending 
butter  with  milk  or  cream  other  than  condensed  milk  or  cream." 

The  butter  and  margarine  act,  1907,  provides  for  the  power  of  entry 
at  ail  reasonable  times  by  Government  officers  upon  ''premises  regis- 
tered under  the  sale  of  food  and  drugs  acts  or  this  act,  and  to  inspect 
any  process  of  manufactiu-e,  blending,  reworking,  or  treatment  used 
therein,  and  to  take  samples  for  analysis  of  any  butter,  margarine, 
margarine  cheese,  milk-blended  butter,  or  of  any  article  capable  of 
being  used  in  the  manufacture,  treatment,  or  adulteration  of  any  such 
article  aforesaid."  Margarine  cheese  is  defined  in  section  25  of  the 
sale  of  food  and  drugs  act,  1899,  as  *'any  substance,  whether  com- 
poimd  or  otherwise,  which  is  prepared  in  imitation  of  cheese,  and 
which  contains  fat  not  derived  from  milk." 

If  any  substance  is  foimd  on  the  premises  of  a  butter  factory 
intended  for  use  in  adulterating  butter,  the  one  occupying  such 
premises  is  guilty  of  an  offense  under  the  act.  A  legal  maximum 
limit  of  16  per  cent  of  water  is  placed  on  butter  in  cases  where  butter 
is  prepared  for  sale  or  consignment  in  a  butter  factory,  which  butter 
has  been  made,  blended,  reworked,  or  treated  in  the  factory.  Mlk- 
blended  butter  must  not  contain  over  24  per  cent  of  water.  It  is 
likewise  an  offense  to  import  into  the  United  Kingdom  butter  con- 


1  See  p.  22  for  •dminlstntioii. 
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taming  more  than  id  per  cent  of  water,  margarine  having  more  than 
16  per  cent  of  water  and  10  per  cent  of  butter  fat,  or  milk-blended 
butter  haying  in  excess  of  24  per  cent  of  water.  The  importation  of 
any  of  these  products  containing  preservatiyes  prohibited  by  any 
r^ulation  made  under  this  act,  or  any  more  of  a  preseryatiye  than 
may  be  permitted  imder  such  regulations,  is  forbidden.  The  prep- 
aration of  regulations  for  the  use  of  preservatiyes  is  placed  in  the 
hands  of  the  Local  Goyemment  Board,  and  such  regulations  apply  as 
well  to  sales  within  the  United  Kingdom  as  to  importations. 

That  portion  of  the  butter  and  margarine  act,  1907,  which  applies 
to  imports  is  merely  an  addition  to  the  power  given  the  commissioners 
of  customs  under  the  sale  of  food  and  drugs  act,  1899,  in  section  1. 
In  this  connection  it  is  of  interest  to  note  that  this  section  1  requires 
all  '' condensed  separated  or  skimmed  milk"  offered  for  import,  to 
bear  in  large  and  legible  type  the  legend  '^ machine-skimmed  milk," 
or  ''skinuned  milk,"  as  the  case  may  require. 

This  act  defines  clearly  how  margarine  must  be  labeled,  how 
invoiced,  and  how  advertised.  In  brief,  it  must  be  called  "mar- 
garine," though  this  name  may  be  combined  with  some  descriptive 
or  fancy  name,  which,  however,  must  have  the  approval  of  the  Board 
of  Agriculture  and  Fisheries.  This  board  must  likewise  approve  of 
the  names  under  which  milk-blended  butter  may  be  sold.*  Another 
provision  of  this  act  is  that  which  requires  the  wrappers  carrying  such 
a  product  to  bear  in  an  approved  form  a  statement  of  its  water  con- 
tent. This  law  Hkewise  forbids  the  Board  of  Agriculture  and  Fisheries 
from  approving  any  name  to  be  used  in  connection  with  the  sale  of 
margarine  or  milk-blended  butter,  which  "refers  to  or  is  suggestive 
of  butter  or  anything  connected  with  the  dairy  interest."  The  total 
number  of  butter  factories  registered  under  the  butter  and  margarine 
act,  1907,  on  December  31,  1908,  was  159;  of  margarine  factories,  30; 
and  of  factories  for  mixing  or  blending  butter  and  milk,  12. 

In  the  United  States  there  are  specific  laws  covering  oleomar- 
garine (or  margarine,  as  it  is  called  in  the  United  Kingdom)  and 
adulterated  and  process  or  renovated  butter.  The  oleomargarine 
law  is  the  act  of  August  2,  1886  (24  Stat.,  209),  as  amended  by  acts 
of  October  1,  1890  (26  Stat.,  621),  and  May  9,  1902— 

to  make  oleomargarine  and  other  imitation  dairy  products  subject  to  the  laws  of  any 
State  or  Territory,  or  the  District  of  Ck)Iumbia,  into  which  they  are  transported,  and  to 
change  the  tax  on  oleomaigarine,  and  to  impose  a  tax,  provide  for  the  inspection,  and 
regulate  the  manufocture  and  sale  of  certain  dairy  products,  and  to  amend  an  act 
entitled  "An  act  defining  butter,  also  imposing  a  tax  upon  and  regulating  the  manu- 
facture, sale,  importation,  and  exportation  of  oleomargarine. "  Approved  August  2, 
1886. 

I  In  a  similar  maimer  the  Secretary  of  Agrlcolture  either  approves  or  disapproves  of  labels  to  be  used  on 
"woovatad"  or  "pfooesa"  batter. 
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This  act  and  its  amendments  are  enforced  by  the  Commissioner  of 
Internal  Revenue  of  the  Treasury  Department,  who  has  the  authority 
given  him  by  law  to  ''make  all  needful  regulations  for  the  carrying 
into  effect  of  this  act."  His  r^ulations  must,  however,  receive  the 
approval  of  the  Secretary  of  the  Treasury.  (Sec.  20,  act  of  Aug.  2, 
1886.) 

In  section  5  of  the  act  of  May  9,  1902,  the  Secretary  of  Agriculture 


authorized  and  required  to  cause  a  rigid  sanitary  inspection  to  be  made,  at  such  times 
as  he  may  deom  proper  or  necessary,  of  all  Stories  and  storehouses  where  process  or 
renovated  butter  is  manufactured,  packed,  or  prepared  for  market,  and  of  the  i>rod- 
ucts  thereof  and  materials  going  into  the  manufacture  of  the  same.  All  process  or 
renovated  butter  and  the  packages  containing  the  same  shall  be  marked  with  the 
words  ''renovated  butter''  or  ''process  butter"  and  by  such  other  marks,  labels,  or 
brands,  and  in  such  manner  as  may  be  prescribed  by  the  Secretary  of  Agriculture, 
and  no  process  or  renovated  butter  shall  be  shipped  or  transported  from  its  place  of 
manu&u^tiure  into  any  other  State  or  Territory,  or  the  District  of  Columbia,  or  to  any 
foreign  country,  until  it  has  been  marked  as  provided  in  this  section.  The  Secretary 
of  Agriculture  shall  make  all  needful  regulations  for  carrying  this  section  into  effect, 
and  shall  cause  to  be  ascertained  and  reported  from  time  to  time  the  quantity  and 
quality  of  process  or  renovated  butter  manufactured,  and  the  character  and  the  con- 
dition of  the  material  from  which  it  is  made.  And  he  shall  also  have  power  to  ascer- 
tain whether  or  not  materials  used  in  the  manufacture  of  said  process  or  renovated 
butter  are  deleterious  to  health  or  unwholesome  in  the  finished  product,  and  in  case 
such  deleterious  or  unwholesome  materials  are  fotmd  to  be  used  in  products  intended 
for  exportation  or  shipment  into  other  States  or  in  course  of  exportation  or  shipment 
he  shall  have  power  to  confiscate  the  same. 

Regulations  No.  9,  revised  July,  1907,  of  the  United  States  Internal 
Revenue,  contains  the  "Revised  regulations  concerning  oleomar- 
garine, also  adulterated  butter  and  process  or  renovated  butter." 
These  regulations  have  not  been  greatly  modified,  but  where  such 
revision  has  taken  place  they  are  published  as  Treasury  Decisions 
(as,  for  example,  T.  D.  1498). 

As  illustrating  the  fact  that  the  problems  with  which  those  who 
administer  the  food  laws  of  the  United  Klingdom  have  to  deal  are  the 
same  as  those  that  are  being  dealt  with  in  the  United  States,  refer- 
ence may  be  made  to  the  difficulties  which  the  Board  of  Agriculture 
and  Fisheries  has  met  with  in  approving  of  names  for  margarine. 
The  annual  report  of  the  intelligence  division  of  this  board  for  the 
year  1907  (p.  15)  says: 

The  board  also  declined  to  approve  of  words  or  phrases  importing  praise,  except 
praise  of  a  kind  which  is  not  applicable  to  margarine,  and  of  words  which  imply  that 
the  maigarine  is  suitable  for  any  particular  purpose.  The  necessity  for  this  precaution 
has  been  already  fully  demonstrated,  as  more  than  one  firm  has  attempted  to  refer 
to  the  board's  approval  of  names  on  wrappers  and  in  advertisements  in  such  a  way  as 
to  convey  to  the  purchaser  the  idea  that  the  maigarine  itself  had  been  approved  by 
the  board. 
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The  same  type  of  difficulty  is  encountered  in  the  United  States, 
where  the  guaranty  legend  is  often  said  to  represent  the  Gh)yemment's 
guarantee  of  the  quaUty  of  the  article  on  which  such  a  legend  is  placed. 
Unfortunately  it  is  so  looked  on  by  many,  and  this  view  is  xmdoubt- 
edly  fostered  by  the  unscrupulous.  Food  Inspection  Decision  99, 
amending  R^ulation  9  of  the  food  and  drugs  act,  was  issued  to  mini- 
mize  this  difficulty,  and  requires  that  the  name  of  the  guarantor  be 
inserted  in  the  guaranty  legend  on  the  label. 

A  long  step  forward  has  been  made  by  this  butter  and  margarine 
act,  1907,  by  controlling  the  name  by  which  margarine  is  described  in 
an  advertisement. 

FBRTIUZEBS   AND  FBBDINO  STUFFS  ACT,  1006. 

It  is  through  the  fertilizers  and  feeding  stuffs  act,  1906,  that  control 
is  had  of  feeding  stuffs  for  animals  other  than  man.  The  gist  of  this 
act,  apart  from  the  portion  relating  to  fertilizers,  is  found  in  section  2, 
which  states  that — 

(2)  Every  person  who  sells  for  use  as  food  for  cattle  or  poultry  any  article  which  has 
been  artificially  prepared  shall  give  to  the  purchaser  an  invoice  stating  the  name  of 
the  article,  and  whether  it  has  been  prepared  from  one  substance  or  seed  or  from  more 
than  one  substance  or  seed,  and  in  the  ease  of  any  article  artificially  prepared  other- 
wise than  by  being  mixed,  broken,  ground,  or  chopped  idiat  are  the  respective  per- 
c^tages  (if  any)  of  oil  and  albuminoids  contained  in  the  article,  and  the  invoice  dkall 
have  effect  as  a  warranty  by  the  seller  as  to  the  facts  so  stated,  except  that  as  respects 
percentages  the  invoice  shall  have  effect  as  a  warranty  only  that  the  actual  percentages 
do  not  dififer  from  those  stated  in  the  invoice  beyond  the  prescribed  limits  of  error. 

When  an  article  is  sold  for  feeding  purposes  it  is  supposed  to  be 
suitable  for  the  use  to  which  it  is  to  be  put,  and  to  contain  no  other 
materials  than  those  indicated  by  the  name  or  description  under 
which  it  is  sold.  Upon  payment  of  a  stipulated  fee,  any  purchaser 
may  receive  a  (Jovemment  analysis  of  any  feeding  stuff  if  a  sample  is 
submitted  within  10  days  of  the  deKvery  or  receipt  of  invoice.*  An 
official  sampler  is  also  required  to  take  the  samples  for  analysis, 
at  the  request  of  the  purchaser,  but  such  samples  may  also  be  taken 
without  such  request.  Three  samples  are  taken  when  there  is  a  possi- 
bility of  civil  or  criminal  proceedings  being  instituted,  and,  after  seal- 
ing, the  official  sampler  must  deHver  one  of  them  to  the  seller.  This 
plan  of  delivering  one  sample  to  the  seller  was  followed  in  the  adminis- 
tration of  the  United  States  food  and  drugs  act,  but  it  was  found  in 
some  cases  to  be  impracticable  and  useless,  as  prosecutions  lie  against 
vendors  in  States  only  when  they  sell  in  "original  packages"  as  de- 
fined by  the  Supreme  Court  with  respect  to  articles  of  interstate  com- 
merce. In  the  United  States,  when  a  request  is  made  for  an  official 
sample,  it  is  always  given  if  practicable;  the  fertilizers  and  feeding 

^  Inaomeof  oar  StetflsprorMoo  is  made  for  the  State  anatyst  to  makesooli  aoalyili  upon  peymeat  of 
the  required  foe. 
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stuffs  act,  1906,  renders  such  a  procedure  obligatory.  Ab  in  proceed- 
ings under  the  sale  of  food  and  drugs  act,  the  certificate  of  the  analyst 
is  sufficient  evidence  of  the  facts  therein  stated,  unless  the  defendant 
makes  a  specific  request  for  the  appearance  of  the  analyst. 

It  is  forbidden  to  sell  any  feeding  stuff  without  an  invoice  unless 
there  is  a  reasonable  excuse  therefor.  Such  invoices  shall  not  be 
''false  to  any  material  particular  to  the  prejudice  of  the  purchase-.'' 
Neither  shall  the  feeding  stuff  contain  an  article  dangerous  to  cattle 
or  poultry  nor  have  added  to  it  ''any  ingredient  worthless  for  feeding 
purposes  and  not  disclosed  at  the  time  of  the  sale." 

An  excellent  provision  limits  the  time  within  which  a  prosecution 
may  be  brought  "for  an  offense  of  causing  or  permitting  an  invoice 
or  description  to  be  false  in  any  material  particular.''  No  prosecu- 
tion can  be  instituted  "after  an  expiration  of  three  months  from  the 
date  when  the  invoice  was  received  by  the  purchaser.''  The  rapidity 
with  which  cases  must  be  carried  to  the  courts  under  the  sale  of  food 
and  drugs  acts  is  evidenced  by  section  19  of  the  1899  act,  wherein  it 
is  provided  as  follows: 

Time/or  proceeding  and  regtUaiion  om  to  eummons. — (1)  When  any  article  of  food  or 
drug  has  been  purchased  from  any  person  for  test  purposes,  any  prosecution  under 
the  sale  of  food  and  drugs  acts  in  respect  of  the  sale  thereof,  notwithstanding  anything 
contained  in  section  20  of  the  sale  of  food  and  drugs  act,  1875,  shall  not  be  instituted 
after  the  expiration  of  28  days  from  the  time  of  the  purchase. 

A  number  of  regulations  have  been  issued  under  the  fertilizers  and 
feeding  stuffs  act,  1906.  They  contain  much  of  interest  and  value, 
dealing  as  they  do  with  the  practical  side  of  the  administration  of 
this  act.  For  example,  the  fertilizers  and  feeding  stuffs  (methods  of 
analysis)  regulations,  1908,  deal  with  the  details  of  analysis  of  feed- 
ing stuffs  and  discuss  the  preparation  of  the  sample,  determination  of 
moisture,  determination  of  oil,  and  determination  of  albuminoids. 
Such  methods  are  official  and  especially  desirable  because  they  give 
a  standard  which  is  used  by  each  of  the  analysts,  thus  producing  com- 
parable results.  These  methods  have  their  counterpart  in  the  meth- 
ods of  the  Association  of  Official  Agricultural  Chemists.* 

The  fertilizers  and  feeding  stuffs  (sampling,  etc.),  regulations,  1906, 
dated  December  27, 1906,  deal  more  in  details  relative  to  the  methods 
of  sampling.  The  difficulty  of  procuring  satisfactory  samples  of 
feeding  stuffs  is  well  recognized,  and  standard  methods  are  particu- 
larly useful  because  of  the  greater  ease  of  obtaining  uniform  analyti- 
cal jBgures. 

Another  regulation  which  works  for  uniformity  of  interpretation 
is  known  as  the  fertilizers  and  feeding  stuffs  (limits  of  error)  regu- 
lations, 1910,  dated  January  25,  1910.  These  limits  of  error  apply  to 
the  statement  of  the  percentages  of  oil  and  albuminoids  as  found  in 


1 U.  S.  Bept.  Agr.i  Buxmu  of  Chemistry  Bui.  107,  Revted. 
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the  invoice  accompanying  the  sale  of  feeding  stuffs  and  they  vary 
with  the  class  of  feeding  stuffs  concerned.  ,In  cotton-seed  cake  or 
meal  the  analysis  may  vary  one-tenth  of  the  percentage  of  oil  or 
albuminoids  stated  in  the  invoice,  in  such  products  as  linseed  cake 
or  meal  the  variation  may  be  as  great  as  one-eighth,  and  in  other 
types  of  feed  it  may  even  be  one-fifth.  The  limits  of  error  only  affect 
civil  proceedings  for  damages  consequent  on  breach  of  warranty. 
The  warranty  in  the  invoice  is  that  the  actual  percentages  do  not 
differ  from  those  stated  in  the  invoice  beyond  the  prescribed  limits 
of  error.  If  the  limit  of  error  is  1  per  cent  and  the  deficiency  is  3  per 
c^t,  civil  proceedings  can  be  taken  for  the  recovery  of  the  value  of 
2  per  cent.  Proceedings  could  be  instituted  under  section  6  even 
though  the  deficiency  was  not  beyond  the  limits  of  error,  but  such  a 
case  is  not  likely  to  occur  in  practice.  These  limits  of  error  are  gen- 
erous and  exceed  distinctly  the  limits  used  in  the  administration  of 
the  food  and  drugs  act  by  the  Department  of  Agriculture  in  its  con- 
trol of  similar  products.*  It  might  be  pointed  out  that  under  the 
head  of  albuminoids,  ammoniacal  and  nitric  nitrogen  should  not  be, 
and  in  fact  are  not,  included. 

During  the  year  1909  there  were  1,995  samples  of  feeding  stuffs 
collected  in  England,  Scotland,  and  Wales. 

THE  PUBLIC  HEALTH  ACT,  1907. 

What  is  destined  to  be  one  of  the  most«  valuable  of  the  food-control 
laws  of  Great  Britain  is  the  pubUc  health  (r^ulations  as  to  food)  act, 
1907.  This  act  is  principally  of  value  in  that  power  is  given  to  make 
regulations  authorizing  measures  to  be  taken  for  the  prevention  of 
danger  arising  to  pubUc  health  from  the  importation,  preparation, 
storage,  and  distribution  of  articles  of  food  or  drink  (other  than  drugs 
and  water)  intended  for  sale  for  human  consumption.  This  act  also 
contains  the  very  essential  requirement  that  articles  conmionly  used 
for  the  food  or  drink  of  man  shall  be  deemed  to  be  intended  for  sale 
for  human  consumption  unless  the  contrary  is  proved.  This  would 
apply  to  all  those  cases  which  are  so  often  difficult  to  judge,  namely, 
where  the  product  has  a  dual  use,  first,  for  food,  and  second,  for  tech- 
nical purposes.  There  are  undoubtedly  cases  where  a  product  fit  only 
for  the  second  class  has  been  used  for  the  first,  and  it  would  appear 
the  part  of  wisdom  to  rest  the  burden  of  proof,  as  to  the  use  to  which 
a  product  is  to  be  put,  on  the  dealer.  The  administration  of  this  act 
is  in  the  hands  of  the  Local  Government  Board. 

The  first  r^ulation  issued. under  this  act  was  the  pubUc  health 
(first  series,  unsound  food)  regulations,  1908.     These  deal  with  the 


^  Five  per  cent,  in  case  the  protein,  fat,  or  crude  fiber  content  exceeds  20  per  cent,  and  8  per  cent  when 
^  protein  content  is  less.  The  percentage  of  these  ingredients  found  by  analysis  must  not,  however, 
nm  uniformly  below  the  stated  percentages,  by  the  amount  set  by  these  limita. 
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control  and  handling  of  food  from  foreign  countries  which  is  unsound 
and  unwh<rfes(mie  amL  unfit  for  consumption.  Inspection  takes 
place  at  the  port  of  entry.  Similar  work  had  formerly  been  locally 
carried  on  at  the  port  of  London  under  the  port  sanitary  authority 
and  also  at  the  port  of  Manchester,  but  such  control  had  not  been 
general  until  tiie  issfue  of  these  regulaticMis.  YiThen  such  unsound 
food  is  discovered  by  tJie  medical  oflScer  of  health  of  the  port  sanitary 
authorities,  and  the  importer  does  not  surrender  it  for  destruction  or 
dispose  of  it  in  a  mimner  approved  by  the  medical  officer  of  health,  an 
application  for  an  act  of  condemnation  is  made  of  a  justice,  who  may 
order  the  destruction  of  such  food  or  provide  for  its  disposal,  exc€^ 
as  an  article  for  human  consumption. 

There  have  also  been  established  public  health  (fordgn  meat) 
regulations,  1908.  These  regulations  have  for  their  object  the  con- 
trol of  the  character  of  meat  of  various  kinds  coming  from  foreign 
countries  and  in  genertd  "to  provide  means  by  which  foreign  meat 
generally  which  is  diseased,  unsound,  unwholesome,  or  unfit  for 
human  consumption  may  be  detected  and  dealt  with  by  the  public 
health  authorities  at  the  place  of  importation."  Such  regulations 
are  especially  necessary  in  Great  Britain  because  of  the  reliance  that 
must  be  placed  on  importations  to  fumiiA  an  adequate  food  supply. 

Official  recognition  has  been  given  to  certain  countries  respecting 
their  inspection  of  meat  obtained  from  cattle  or  pigs.  When  such 
meat  products  bear  an  official  tag  and  come  from  Denmark,  the 
Netherlands,  the  Dominion  of  Canada,  or  the  Dominion  of  New 
Zealand  they  are  recognized  in  general  as  coming  from  cumnals  free 
from  disease,  as  having  been  prepared  and  packed  properly,  and  as  not 
offering  any  danger  to  public  health.  The  fact  that  such  produt^ 
are  properly  labeled,  while  giving  facilities  in  the  matter  of  inspection 
at  the  ports  of  entry,  does  not,  however,  grant  any  immunity  from 
such  inspecti(m.  These  regulations  virtually  forbid  the  importation 
into  the  United  Kingdom  of  a  few  specified  articles  of  food,  among 
which  are  included  meat  in  the  form  of  scraps,  not  identifiable  with 
definite  parts  of  the  carcass;  tripe,  tongues,  and  kidneys  wbieh  have 
been  treated  ¥rith  preservatives,  including  boric  acid;  and  fresh  or 
frozen  pork,  when  in  portions  less  than  the  entire  carcass,  if  not 
inclosed  in  a  receptacle  bearing  an  accepted  certificate  as  to  HMpection 
in  the  country  of  origin. 

THE  MEBCHANDISB  MABKS  ACTS,  1887-1804. 

The  merchandise  marks  act  of  1887  makes  it  an  offense,  among 
other  things,  for  any  person  to  apply  any  false  trade  description  to 
goods,  unless  ''he  proves  that  he  acted  without  intent  to  defraud.'' 
(Sec.  1 .)  Not  only  does  this  act  api^y  to  the  manufacturers,  but  like^ 
wise  to  '^  every  person  who  sells,  or  exposes  for,  or  has  in  his  possession 
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for,  sale,  or  any  purpose  of  trade  of  mamrfactnre''  any  such  goods. 
The  expression  'Hrade  description '^  as  defined  by  the  act  means 
"any  ctescription,  statement,  or  other  indication,  direct  or  indirect, 
(a)  as  to  the  number,  quantity,  measure,  gauge,  or  weight  of  any 
goods,  or  (S)  as  to  the  place  or  country  in  which  any  goods  were 
made  or  produced,  or  (e)  as  to  the  mode  of  manufacturing  or  pro- 
ducing any  goods,  or  (df)  as  to  the  material  of  which  any  goods  are 
composed,  or    ♦    ♦    *." 

These  brief  quotations  from  the  merchandise  marks  act,  1887,  show 
at  once  their  applicability  to  the  sale  of  food  and  drugs  acts,  and 
thwe  principles  have  been  used  in  the  prosecution  of  manufacturers 
and  dealers  guilty  of  misbranding  of  their  wares.  The  term  ''false 
tnuie  descriptions"  is  also  described  in  the  act  to  apply  to  the  use  of 
any  false  or  fictitious  name.  As  illustratiYe  of  the  skillful  method 
oaed  in  handling  certain  types  of  trade  descriptions,  namely,  those 
where  foreign  names  are  used,  the  whole  of  section  18  is  here  given : 

18.  Where,  at  the  paflsiiig  of  this  act,  a  ttade  deeciiption  ia  lawfully  and  generally 
applied  to  goods  of  a  particular  dass,  or  manuliM^tured  hy  a  particular  method,  to 
indicate  the  particular  class  or  method  of  moMifactiire  ol  such  goods,  the  provisions 
ol  this  act  with  respect  to  ialse  trade  descriptions  shall  not  apply  to  such  trade  descrip- 
tion when  so  applied:  Provided,  That  where  such  trade  description  includes  the 
name  of  a  place  or  country,  and  is  calcidated  to  mislead  as  to  the  place  or  coimtry 
where  the  goods  to  which  it  is  applied  were  actuaUy  made  or  produced,  and  the 
goods  are  not  actually  made  or  produced  in  that  place  or  country,  this  section  shall 
not  apply  unless  there  is  added  to  the  irade  description,  immediately  before  or  after 
the  name  of  that  place  or  country,  in  an  equally  ccmspicuous  manner,  with  that 
name,  the  name  of  the  place  or  country  in  which  the  goods  were  actuaUy  made  or 
produced,  with  a  statement  that  they  were  made  or  produced  there. 

An  application  of  the  principle  here  laid  down  f^pears  on  page  20 
of  this  bulletin,  wherein  is  given  the  rule  for  labeling  port  and  sherry 
wines  produced  in  other  countries  than  Porti^al  or  Spain. 

The  merchandise  marks  act,  1887,  was  amended  in  1891  and  again 
in  1894,  but  the  amendments  are  more  commonly  in  connection  with 
the  administratiye  features  of  the  1887  act. 

That  the  merchandise  marks  act  may  be  of  service  in  protecting 
the  public  against  food  which  has  been  misbranded  is  shown  by 
the  work  of  the  Board  of  Agriculture  and  Fisheries,  which  haa  its 
enforcement  in  hand  as  regards  agricultural  produce.  Reference,  for 
example,  may  be  made  to  a  prosecution  brought  at  the  instance  of 
the  Department  of  Agriculture  and  Technical  Instruction  for  Ireland. 
A  firm  of  provision  merchants  were  successfully  prosecuted  for  selling 
to  *' Irish"  bacon  a  product  of  American  origin.  This  department 
ftlso  has  an  inspector  established  in  Great  Britain  to  protect  the 
interests  of  the  Irish  agricultural  products.  This  step  was  taken 
because  it  appeared  that  the  Irish  trade  had  suffered  materially 
because  of  frauds  which  had  been  practiced.    This  action  of  the 
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Irish  authorities  has  aheady  produced  good  results  and  undoubtedly 
still  more  marked  results  will  be  obtained  in  the  future. 

Under  the  merchandise  marks  acts  attention  has  also  been  paid 
to  such  food  products  as  butter,  cheese,  cider,  and  condensed  milk, 
which  were  misbranded.  During  the  year  1909  successful  prosecu- 
tions were  instituted  for  the  sale  of  foreign  poultry  as  English,  foreign 
eggs  as  Irish,  beverages  falsely  labeled  as  cider  and  perry,  and  foreign 
vegetables  as  English. 
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-LEnER  OF  TRANSMITTAL 


U.  S.  Department  of  Agriculture, 

Bureau  op  Chemistry, 
Washington,  D.  C,  July  SI,  1911. 
Snt:  I  b^  to  submit  for  your  inspection  and  approval  the  results 
obtained  in  an  investigation  made  in  this  bureau  by  P.  P.  Veitch  and 
M.  G.  Donk  on  the  distillation  of  resinous  woods,  especially  the 
product  wood  turpentine.  The  investigation  has  been  in  progress 
for  several  years,  and  although  certain  phases  on  which  work  is  being 
continued  are  not  complete,  it  is  deemed  advisable  to  publish  at  this 
time  the  results  so  far  obtained.  Many  inquiries  are  received  for 
Information  on  the  subject  of  resinous-wood  distillation,  and  it  is 
believed  that  the  data  herein  given  will  be  helpful,  and  also  will 
further  promote  the  profitable  utilization  of  large  quantities  of  waste 
wood. 

I  recommend  that  this  report  be  published  as  Bulletin  No.  144  of 
the  Bureau  of  Chemistry. 

Respectfully,  H.  W.  Wiley, 

Chief  of  Bureau. 
Hon,  James  Wilson, 

Secretary  of  Agriculture. 
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WOOD  TURPENTINE: 

ITS  PRODUCTION,  REFINING,  PROPERTIES,  AND  USES. 


INTBODXTCnON. 

Wood  turpentine,  "stump  turpentine/'  or  "wood  spirits  of  tur- 
pentine," as  the  product  is  variously  known,  is  turpentine  oil  made 
from  cut  pine,  fir,  or  spruce,  by  distilling  the  wood  in  closed  retorts. 
When  properly  refined  it  closely  resembles  gum  spirits  of  turpentine, 
obtained  by  distilling  the  gum  which  oozes  from  the  cut  surface  of 
the  living  tree.  The  turpentine  made  by  distilling  the  wood  with 
steam  below  a  temperature  of  150*^  C.  more  closely  resembles  gum 
spirits  than  that  obtained  by  destructively  distilling  the  wood.  The 
latter  is  always  contaminated  with  other  oils  derived  from  the  break- 
ing down  of  the  wood  and  the  resins  which  it  contains.  In  some 
cases  where  the  context  shows  plainly  that  wood  turpentine  is  meant 
the  term  "turpentine''  is  used  to  avoid  repetition;  it  should  be  noted, 
however,  that  commercially  wood  turpentine  should  always  be  desig- 
nated as  such  and  not  as  "turpentine." 

Wood  turpentine  is  used  chiefly  as  a  varnish  and  paint  thinner  as 
a  substitute  for,  or  in  the  place  of,  gum  turpentine.  Its  production 
and  use  has  increased  slowly,  partly  because  of  its  objectionable 
odor,  its  physiological  effect,  its  lack  of  uniformity,  and  unsatisfac- 
tory working  qualities  due  thereto,  and  partly  because  of  the  lack  of 
knowledge  regarding  its  ultimate  effect  on  the  color  and  durability 
of  varnishes  and  paints. 

The  recovery  of  turpentine  by  distillation  from  the  wood  was 
attempted  years  ago,  and  the  first  patents  relating  to  this  subject 
were  granted  as  early  as  1841.  The  process  was  not  developed, 
however,  and  it  is  only  within  recent  years  that  any  material  success 
has  attended  its  use.  There  are  two  primary  causes  for  the  numer- 
ous efforts  which  have  been  made  during  the  past  10  or  15  years  to 
recover  turpentine  from  cut  pine  wood:  First,  the  difficulty  of  sup- 
plying the  increasing  demand  for  turpentine,  owing  to  the  rapid 
decrease  of  the  supply  of  hve  pine  timber  suitable  for  even  the  most 
advanced  system  of  turpentine  orcharding;  second,  the  demand  for 
a  profitable  method  of  utilizing  the  mill  and  forest  wastes  of  the  pine 
T^ons,  not  only  that  such  wastes  may  be  made  valuable,  but  that 
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the  damago  arising  from  their  nonuse  may  be  prevented.  Thus  it 
happens  that  business  men  and  inventors  have  been  actively  devising 
and  exploiting  apparatus  and  processes  for  the  recovery  of  the  tur- 
pentine from  this  waste  wood,  and  to  distinguish  it  from  ordinary 
gum  turpentine  the  product  is  qmte  properly  spoken  of  as  wood 
turpentine  or  stump  turpentine. 

Judging  from  statistics,  the  production  of  gum  spirits  of  turpen- 
tine in  this  country  is  now  on  the  decline,  as  the  census  reports  sho^ir 
that  in  1909,  28,941,000  gallons;  in  1908,  36,589,000  gallons;  in  1907, 
34,180,800  gallons;  in  1905,  30,170,499  gallons;  and  in  1900, 
38,488,170  gallons  were  produced.  On  the  other  hand,  the  value 
of  the  turpentine  was  $12,654,000  in  1909;  $14,112,400  in  1908, 
$18,283,300  in  1907;  $15,170,999  in  1905,  against  $14,960,235  in 
1900.  The  pine  timber  available  for  turpentining  is  rapidly  being 
exhausted,  as  is  quite  generally  recognized  among  turpentine  oper- 
ators, and  under  present  conditions  no  material  permanent  increase 
can  be  expected  in  the  output  of  gum  turpentine.  This  fact,  as  has 
been  stated,  is  one  of  the  chief  reasons  for  the  interest  wliich  has 
developed  with  regard  to  wood  turpentine.  If  we  accept  the  con- 
clusion that  the  demand  for  tur[)entine  can  not  be  fully  supplied 
from  the  present  sources,  it  is  reasonable  to  assume  that  if  wood  tur- 
pentine may  be  used  for  the  same  purposes,  or  for  some  of  the  pur- 
poses, for  which  gum  spirits  is  used,  it  should  find  a  ready  market. 
The  turpentine-using  industries  have  been  slow  to  accept  wood  tur- 
pentine, and  although  there  is  a  market,  it  is  still  unfavorable, 
largely  because  of  the  nonuniformity  of  the  product. 

The  owner  of  pine  lands  and  the  lumberman  are  directly  interested 
in  wood  turpentine  from  another  point  of  view,  that  of  the  profitable 
utilization  of  waste  wood.  In  general,  such  methods  of  using  wood 
are  less  profitable  than  to  dispose  of  it  through  the  usual  channels, 
but  the  method  utilizes  material  of  little  value  for  other  purpose, 
which,  when  unused,  is  a  source  of  danger  from  forest  fires.  Further- 
more, the  profitable  utilization  of  waste  timber  and  stumps  makes  it 
possible  to  clear  cut-over  lands  at  a  minimum  expense  and  prepare 
them  for  cultivation. 

While  it  is  well  known  that  there  are  immense  wastes  of  wood 
incident  to  the  lumber  industry,  there  are  so  few  exact  data  that  no 
accurate  calculation  can  safely  be  made  either  as  to  the  waste  at  the 
mill,  including  slabs  and  sawdust,  or  in  the  forest,  including  tops, 
laps,  culls,  dead-and-down  timber,  and  stumps.  Some  figures  on 
the  subject,  however,  may  not  be  without  interest:  The  Census 
Bureau  estimates  that  in  1908  approximately  11,000,000,000  board 
feet  of  southern  yellow  pine  were  cut;  of  Douglas  fir,  4,000,000,000 
board  feet;  and  of  western  pine  1,225,000,000  board  feet,  a  total  of 
approximately  16,000,000.000  board  feet.     If  the  waste  at  the  mill 


Digitized  by 


Google 


METHODS  OF  PRODUCTION.  9 

and  in  the  forest  be  placed  at  50  per  cent  of  this,  a  very  conservative 
estimate,  there  are  8,000,000,000  board  feet,  or  approximately 
8,000,000  cords  of  wood  (on  a  basis  of  40  per  cent  unoccupied  space 
in  a  cord),  available  for  the  recovery  of  turpentine  and  rosin  and  the 
manufacture  of  paper,  acetate  of  lime,  wood  alcohol,  oxalic  acid,  etc. 
From  this  class  of  material  from  1  to  10  gallons  of  crude  turpentine 
per  cord  are  recovered  under  the  present  practice,  the  average 
recovery  being  3  gallons  per  cord. 

Pine  wood  also  yields  from  3  to  15  or  20  per  cent  of  rosin,  while 
exceptionally  rich  lightwood  may  yield  from  30  to  35  per  cent. 
The  average  rosin  yield  of  good  lightwood  is  probably  between  12 
and  18  per  cent.  Assiuning  low  yields  of  turpentine  and  rosin,  a 
calculation  shows  that  it  is  possible  to  recover  from  the  wastes  of  the 
yellow-pine  lumber  industry  (including  dead-and-down  timber)  as 
much  or  more  turpentine,  rosin,  and  rosin  oils  as  are  now  produced 
by  the  ordinary  methods  of  turpentining  from  the  hving  tree.  The 
profitable  utihzation  of  mill  wastes  in  this  way  would  add  mate- 
rially to  the  wealth  of  the  South  and  help  to  conserve  its  timber 
resources. 

HETHODS  OF  PBODTJCTION. 

Wood  turpentine  can  be  recovered  from  any  of  the  coniferous 
woods.  Tliose  which  have  been  found  to  contain  sufficient  resin  to 
justify  working  them  are  the  long-leaf  yellow  pine,  of  the  South,  the 
Norway  pine  of  the  C!entral  North,  and  the  Douglas  fir  of  the  North- 
west. TTio  methods  by  which  wood  turpentine  is  recovered  may  be 
appropriately  divided  into  three  classes,  (a)  destructive  distillation 
methods,  (b)  steam  distillation  methods,  (c)  extraction  with  solvents. 

DESTRUCTIVE  DISTILLATION. 

In  the  destructive  distillation  method  wood  exceptionally  rich 
in  turpentine,  and  rosin  (generally  termed  ''lightwood"  or  stumps) 
18  loaded  into  retorts  holding  one  or  more  cords  each,  and  slowly 
heated  at  a  low  temperature  until  all  the  turpentine  and  other  low- 
boiling  oils  are  driven  off  and  condensed,  when  the  oils  are  directed 
to  other  receiving  vessels,  and  the  distillation  of  the  wood  continued 
^intil  nothing  remains  in  the  retort  but  charcoal.     In  conducting  this 
process  it  is  important  that  the  temperature  of  the  retort  should 
not  rise  above  200**  C.  until  all  turpentine  in  the  wood  has  been  driven 
off,  otherwise  the  wood  ia  decidedly  charred  and  the  turpentine  is 
contaminated  with  other  materials  from  which  it  can  not  be  subse* 
quently  purified.     Industrially,   it   has   been   found   impracticable 
until  very  recently  to  prevent  such  contamination,  and  for  this  reason 
destructively  distilled  turpentine  has  certain  characteristic  properties 
^ch  distinguish  it  from  turpentine  prepared  in  other  ways.     The 
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time  for  distilling  by  the  destructive  process  varies  from  24  to  30 
hours.  Preliminary  experiments  conducted  in  the  laboratory  several 
years  ago  indicated  that  it  is  feasible  to  control  the  heating  of  the 
wood  by  using  an  oil  jacketed  retort,  but  no  work  on  a  conmierciai 
scale  has  been  done  with  such  apparatus  as  far  as  is  known. 

The  following  diagram  shows  the  products  of  the  destructive  dis- 
tillation of  wood  and  the  processes  used: 


Kesinous  wood, 
(distilled) 


Charcoal. 
Qaaea. 


Tar. 


(Used  as  such. 
Distilled 


Condensable  distillate. 


Light  oils 

(fractionated) 


Iloavyoils 

(fractionated) 

Aqueous  distillate . .' 
(neutralized      with 

milk  of  lime  and 

redistUled.) 


f  Ught  oils. 
Heavy  oils. 
Pitch. 

^cid  water. 

tmpure  light  rosin  spirits. 
Destructive  wood  turpentine. 
Pine  oils  (includes  heavier  portion  of  rosin 

spirits). 
Pine  oils  (includes  heavier  portion  of  rosiD 

spirits). 
Rosin  oil. 
Pitch. 

Residue  (dried  and  roasted) ^acetate  of 

•    lime. 

Distillate  (rectified) -wood  alcohol. 


STEAM   DISTILLATION. 

For  distilling  with  steam  the  procedure  and  equipment  are  quite 
different  from  those  used  in  destructive  distillation.  In  the  first 
place  mill  waste,  including  sawdust,  can  often  be  profitably  utilized. 
Other  wood  must  be  chipped  or  cut  into  small  pieces  in  order  that  the 
steam  may  penetrate  it  and  remove  the  oils  readily.  The  chipped 
wood,  prepared  by  what  is  known  as  a  "hog,"  is  taken  directly  to 
the  retorts  by  conveyers,  or  is  placed  in  one  of  the  many  forms  of  inner 
containers  which  have  been  devised  to  facilitate  the  penetration  of 
the  chipped  wood  by  the  steam,  and  also  the  emptying  of  the  retort 
at  the  conclusion  of  the  distillation,  both  of  which  operations,  even 
under  the  most  favorable  conditions,  are  quite  diflBcult.  Live  steam 
is  conducted  into  the  retort  until  no  more  oils  pass  over,  which  requires 
in  most  plants  from  3  to  24  hours.  The  distillate,  consisting  of  a 
mixture  of  oils  and  water,  is  condensed,  allowed  to  separate  into  two 
layers,  and  the  crude  oil  is  stored  in  large  storage  tanks,  from  which  it 
is  drawn  to  the  refining  stUl. 

The  live  steam  which  is  turned  into  the  filled  retorts  may  be  super- 
heated or  saturated,  and  used  at  atmospheric  pressure,  under  ad- 
ditional pressure,  or  at  diminished  pressure,  as  may  be  desired.  All 
of  these  methods  of  handling  the  steam  are  used,  but  as  a  matter  of 
fact,  it  can  not  be  said  that  under  the  conditions  at  present  usually 
obtaining  in  the  industry,  higher  or  better  yields  are  secured  by  one 
procedure  than  by  the  other.  As  turpentine  distills  with  steam  at 
from  94  to  98*^  C,  no  advantage  as  to  yield  can  logically  be  expected 
from  the  use  of  superheated  or  pressure  steam,  other  than  that  which 
may  aiise  from  a  quicker  and  more  thorough  penetration  of  the  wood 
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by  the  steeun  (which,  as  has  been  said,  is  difficult  to  secure)  coupled 
with  the  smaller  quantity  of  vapor  to  be  condensed.  Further,  the  use 
of  steam  under  pressure  is  questionable,  as  the  terpenes  are  readily 
polymerized  at  high  temperatures.  On  the  other  hand,  it  is  rela- 
tively certain  that  owing  to  the  difficulty  of  securing  contact,  the  usual 
steam  process  in  fixed  retorts  does  not  remove  all  turpentine  from  the 
wood,  and  an  apparatus  or  process  which  will  insure  contact  of  the 
steam  with  all  of  the  wood  will  give  higher  yields  of  turpentine.  In 
this  connection,  the  use  of  a  rotating  retort  immediately  suggests 
itself,  and  several  plants  claim  to  obtain  larger  yields  with  these. 
Distillation  under  reduced  pressure,  if  found  practicable,  undoubtedly 
offers  several  important  advantages,  among  which  are  the  distilla- 
tion of  turpentine  at  low  temperature,  thus  reducing  the  tendency  to 
polymerization,  penetration  of  the  wood  by  steam,  and  distillation 
of  the  turpentine  from  the  interior  of  the  pieces  of  wood. 

Prolonged  heating  is  exceedingly  costly,  and  with  proper  equip- 
ment is  needless,  as  it  has  been  demonstrated  that  turpentine  m^y  be 
removed  in  from  two  to  three  hours,  when  proper  penetration  of  the 
wood  by  the  steam  is  secured.  The  steam  process  is  particularly 
applicable  for  the  utilization  of  mill  wastes,  such  as  slabs  and  saw- 
dust, and  has  found  its  greatest  development  in  connection  with  the 
sawmills  of  the  South. 

The  following  diagram  shows  the  products  of  the  steam  distillation 
of  wood  and  the  utilization  of  the  extracted  chips: 
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structivelvdlstUled) 


Steam  wood  turpentine. 
Pine  oils. 


coal). 
Products  (see  p.  10). 


EXTRACTION  WrFH  SOLVENTS. 

Finally,  turpentine  may  be  recovered  from  wood  by  dissolving  it 
in  a  volatile  or  nonvolatile  solvent,  or  in  an  alkali.  Extraction  with 
volatile  solvents  is  but  little  employed,  and  deserves  more  consider- 
ation than  it  has  received.  The  economical  working  of  solvent 
processes  is  dependent  primarily  on  the  possibility  of  a  practically 
complete  recovery,  at  a  minimum  cost,  of  the  large  quantities  of 
solvent  which  are  required  to  saturate  the  wood  for  extraction. 
Fortunately  the  solvent  can  be  almost  entirely  recovered.  The 
products  obtained  by  the  use  of  volatile  solvents  of  low  boiling  point 
are  of  high  quality;  the  rosin  is  clean  and  bright,  while  the  turpentine 
is  comparatively  free  from  materials  produced  in  the  extraction. 
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This  method  has  been  studied  by  this  bureau  and  by  othei  investi* 
gatorS;  and  is  perfectly  simple  and  feasible,  but  for  the  reasons  men- 
tioned it  remained  undeveloped  until  very  recently.  It  is  now  being 
placed  on  a  commercial  basis. 

The  following  diagram  shows  the  products  obtained  from  resinous 
wood  by  extracting  with  volatile  solvents  and  the  utilization  of  the 
extracted  chips: 

Distillate rSolvent. 

(fractJanated)     \Wood  turpentine. 
Residue  (straizied)— rosin. 
Destructively  distUIed  (see  p.  10.) 
Wasted  or  burned. 
Digested  with  caostie  soda-paper  palp. 

Several  processes  have  been  developed  in  which  hquids  of  higher 
boiling  points  than  turpentine  are  used.  Rosin,  pitch,  tar,  pine  oil, 
or  gum  turpentine  is  suitable  for  starting  the  plant.  When  treating 
wood  rich  in  resins  the  bath  finally  consists  of  rosin  and  its  decom- 
position products.  With  lean  wood  the  bath  must  be  added  to  from 
time  to  time.  The  liquid  passes  through  a  superheater,  where  its 
temperature  is  raised  to  about  200*^  C,  and  thence  to  a  closed  retort 
containing  the  wood  so  prepared  as  to  insure  rapid  penetration  by 
the  liquid.  In  returning  to  the  superheater  the  hot  rosin  passes 
tlirough  a  still,  and  the  turpentine  is  distilled  from  it.  The  Uquid  is 
finally  drained  from  the  exhausted  wood  and  used  on  subsequent 
charges.  The  advantages  of  tliis  process  over  simple  distillation 
with  steam  are  that  the  treated  wood  is  left  in  such  condition  that 
it  may  be  sold  for  fuel,  used  as  paving  blocks,  or  subsequently  de- 
structively distilled  without  contaminating  the  wood  turpentine 
with  rosin  spirits  or  other  products  of  destructive  distillation. 

The  recovery  of  turpentine  and  rosin  by  extraction  with  alkalis 
and  the  use  of  the  extracted  wood  for  making  paper  is  a  process  which 
has  been  experimented  with,  and  one  mill  is  operating  on  mill  waste, 
making  turpentine  and  wrapping  paper.  In  this  process  also  the  wood 
is  cut  up  in  the  same  way  as  for  making  paper  pulp  and  treated  with 
an  excess  of  soda  in  solution.  The  turpentine  may  be  removed 
by  simple  steaming  previous  to  adding  the  soda  solution,  or  it  may 
be  steamed  off  during  the  cooking  with  soda.  The  latter  procedure 
has  the  advantage  of  requiring  less  time  to  complete  the  treatment 
of  the  wood.  The  cooking  with  soda  may  be  conducted  in  several 
ways.  The  contents  of  the  retort  may  be  heated  only  sufficiently  to 
dissolve  the  rosin  without  attacking  the  wood,  after  which  the  solu- 
tion may  be  drawn  off  nearly  free  from  ligneous  materials,  and  the  rosin 
or  rosin  oils  recovered  from  it,  or  the  wood  may  be  cooked  with  the 
soda  solution  at  a  high  temperature. 

After  the  completion  of  the  treatment  the  soap  solution  of  soda 
and  rosin,  containing  also  the  dissolved  Ugneous  material,  is  drained 
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and  washed  out  of  the  pulp,  which,  after  suitable  treatment,  may 
be  disposed  of  in  several  ways.  The  removal  of  the  turpentine  by 
this  process  is  exceedingly  rapid,  and  it  is  claimed  that  from  the 
boiling  alkali  solution  the  turpentine  may  be  removed  by  some  proc- 
esses in  from  10  to  15  minutes. 

BBFININO  WOOD  TUKPENTINE  AND  WOOD  OILS. 

The  crude  oil  obtained  by  any  distillation  process  is  redistilled  or 
refined  before  it  is  marketed.  Crude  oils  from  the  destructive  process 
are  agitated  with  alkali  whereby  the  greater  part  of  the  phenols, 
cresols,  and  related  bodies  are  dissolved,  and  separated  by  settling 
from  the  turpentine,  rosin  spirits,  and  rosin  oils,  which  are  run  oflF 
and  separated  by  redistillation  with  steam  as  steam-distilled  wood 
turpentine  is.  This  is  usually  done  in  a  copper-pot  still  of  suitable 
size,  live  steam  being  conducted  directly  into  the  crude  oil.  Ordina- 
rily this  distillation  is  not  conducted  with  care,  and  but  Uttle  attempt 
is  made  to  insure  that  the  wood  turpentine  obtained  does  not  contain 
considerable  quantities  of  the  heavier  ''pine  oils.''  Distillation  is 
usually  continued  until  the  oil  passing  over  shows  ''bead"  or  until 
the  specific  gravity  is  about  0.8800  or  0.9000  at  15.5^  C. 

Recently  at  a  number  of  plants  more  care  has  been  exercised  in 
refining  and  the  product  is  distilled  with  steam  several. times  from 
a  pot  still.  Such  careful  refining  is,  of  course,  expensive  and  the 
yield  is  much  reduced,  but  the  product  compUes  closely  in  specific 
gravity  and  behavior  on  distillation  and  evaporation  with  standard 
specifications  for  turpentine.  The  crude  oil  yields  on  redistillation, 
as  this  is  commonly  practiced)  from  60  to  80  per  cent  of  wood 
turpentine.  As  will  be  seen  from  the  analyses  (Table  1,  p.  58),  these 
oils  contain  notable  quantities  of  heavier  oils,  and  but  few  of  them 
can  be  considered  high-grade  wood  turpentine. 

The  pine  oils  from  steam  distillation  are  also  redistilled  with  steam 
and  are  marketed  in  two  grades,  white  and  yellow  or  straw  colored. 
Their  specific  gravity  ranges  from  0.8890  to  0.9600;  refractive  index 
from  1.475  to  1.500  and  they  begin  to  distill  at  from  165°  to  180°  C. 
Dbtillation  is  generally  complete  at  from  215°  to  240°  C.  and  by 
far  the  larger  quantity  of  most  pine  oils  distills  between  190°  and  225°. 
The  crude,  destructively  distilled  oils,  after  being  agitated  with 
alkali  and  washed  with  water  to  remove  phenols,  cresok,  etc.,  are 
separated  into  at  least  three  fractions,  preferably  in  a  column  still. 
The  first  fraction,  distilling  at  from  80°  to  150°  C,  consists  essentially 
of  the  lighter  constituents  of  rosin  spirits  with  some  turpentine  and  is 
contaminated  with  small  portions  of  substances  derived  from  the 
breaking  up  of  the  wood.  The  fraction  boiling  at  from  150°  to  180° 
C.  is  destructively  distilled  wood  turpentine,  that  boiling  at  from  170° 
to  180°  C.  to  230°  to  250°  C.  constitutes  the  pine  oils  with  the  heavier 
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constituents  of  rosin  spirits,  and  the  fractions  boiling  at  from  250^ 
to  400^  C.  consist  of  rosin  oils  contaminated  with  decomposition  prod- 
ucts from  the  wood  substance. 

The  alkali  solution  after  separation  from  the  crude  oils  contains 
the  wood  creosote,  tar,  and  other  alkali-soluble  bodies.  The  wood 
creosote  and  tar  acids  may  be  separated  by  adding  sulphuric  acid  in 
excess,  washing  the  separated  material  several  times  with  water, 
and  further  refining,  if  desired,  by  distillation,  (See  Table  2,  p.  60, 
for  analyses  of  pine  oils  and  still  residues.) 

EQUIPMENT    FOB   THE   HANUFACTX7BE    OF   WOOD   TUBPBNTINK. 

The  equipment  of  a  plant  for  the  destructive  distillation  of  resinous 
woods  would,  of  course,  vary  with  its  capacity,  size  and  shape  of 
retort,  and  arrangement  of  the  plant.  SmaU  retorts  of  about  1 
cord  capacity  are  most  commonly  used,  and  an  approximate  idea  of 
the  kind  and  quantity  of  apparatus  required  for  a  plant  distilling 
12  cords  per  24  hours  is  given  by  the  following  list: 

12  retorts,  1  cord  each. 
12  condensers. 

100  100-pound  charcoal  cans. 
2  tar  stills. 

1  turpentine  refining  still. 

2  or  3  settling  vata  for  crude  turpentine,  crude  pyroligneouB  acid,  and  free  tar. 
1  lOO-horsepower  boiler. 

1  20-hor8epower  engine. 

Pumps  for  supplying  water  to  condenser  and  handling  txirpentine,  etc. 

Storage  tanks  for  crude  and  refined  products. 

Conveyers  and  copper  piping. 

Suitable  buildings  for  housing  equipment. 

The  yield  of  wood  alcohol  and  acetic  acid  is  less  than  half  of  that 
obtained  from  hard  woods,  or  about  4  gallons  of  alcohol  and  from 
50  to  90  pounds  of  acetate  of  lime,  and  practically  no  effort  is  made 
to  recover  either  of  these  products.  In  case  these  are  recovered,  addi- 
tional stills,  tanks,  and  steam  pans  are  required. 

The  cost  of  such  a  plant  varies  greatly  in  accordance  with  the 
quality  and  completeness  of  the  equipment  and  with  local  labor  and 
other  conditions.  Reliable  builders  of  such  plants  quote  from  $1,000 
to  $2,000  per  day  cord  on  the  basis  of  a  10-cord  plant,  with  propor- 
tionately higher  prices  for  smaller  plants  and  lower  prices  for  larger 
plants.  For  the  steam  distillation  of  wood  where  only  turpentine 
and  pine  oils  are  recovered,  a  less  elaborate  equipment  is  required. 
For  a  plant  of  10  units,  the  following  list  gives  an  idea  of  the  equip- 
ment needed: 

10  retorts,  1  cord  each. 
10  condensers. 

2  150-hor8epower  boilers. 
1  lOO-horsepower  engine. 
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1  refining  still  and  condenser. 

2  hogs  for  chipping  wood  (1  in  reserve). 
Storage  tanks  for  crude  and  refined  turpentine. 
Pumps  and  piping  for  water  supply  and  turpentine. 
Conveyers. 

The  cost  of  such  a  plant  will  vary  from  $10,000  to  $35,000,  depend- 
ing largely  on  the  value  placed  on  patent  rights  (many  forms  of 
retorts  and  other  apparatus  are  patented,  and  as  a  rule  the  right  to 
use  is  charged  in  the  cost  of  the  plant),  and  on  the  number  of  charges 
the  plant  will  handle  in  24  hours.  The  cost  of  a  plant  to  take  from 
four  to  six  charges  in  24  hours  is,  of  course,  greater  than  that  of  the 
same  plant  built  to  handle  but  one  charge  in  the  same  time,  though 
the  cost  on  the  basis  of  the  number  of  cords  of  wood  handled  daily 
may  be  much  less. 

These  lists  of  apparatus  and  estimates  of  cost  of  plant  are  simply 
intended  to  give  a  general  idea  of  the  equipment  formerly  furnished 
by  builders  and  now  in  common  use  in  the  older  plants,  together 
with  its  approximate  cost.  No  attempt  is  made  to  give  details  in 
r^ard  to  the  machinery,  arrangement,  or  housing.  The  boiler, 
engine,  and  condenser  capacity  of  these  older  plants  was  rarely  suffi- 
cient for  maximum  efficiency.  Other  special  equipment  now  em- 
ployed at  several  plants  and  considered  preferable  is  described  on 
page  54.  The  full  equipment  and  its  actual  cost  can  be  determined 
only  when  the  location  of  the  plant  and  the  kind  and  quantity  of 
work  required  are  known. 

OOST  OF  PBODTJOINO  WOOD  TUBPENTINE. 

The  cost  of  producing  wood  turpentine  varies  greatly  in  different 
plants  and  is  dependent  on  the  cost  and  quaUty  of  the  wood  obtain- 
able for  the  distillation,  the  cost  of  operating  and  managing  the 
plant,  depreciation  of  the  plant,  and  interest  on  the  investment.  The 
cost  of  wood,  according  to  information  collected  by  the  bureau,  varies 
from  $1.50  to  $3  per  cord  for  what  is  known  as  ''lightwood,''  delivered 
at  the  works.  This  charge  is  made  up  chiefly  of  the  cost  of  gathering, 
hauling,  and  freight,  the  wood  in  the  forest  costing  very  little — from 
15  cents  to  75  cents  per  cord  being  a  fair  valuation.  While  it  is  the 
aim  of  the  distiller  to  use  only  wood  rich  in  turpentine  and  rosin,  it 
is  often  quite  difficult  to  get  this,  particularly  when  the  wood  is 
deUvered  at  the  works  or  at  the  railroad  on  contract,  as  the  contractor 
does  not  as  a  rule  exercise  much  care  in  selecting  the  best  and  richest 
wood.  Better  wood  is  undoubtedly  obtained  when  it  is  selected  and 
gathered  by  the  distiller's  own  force,  and,  furthermore,  the  cost  of 
hauling  and  handling  is  not  so  great  as  a  rule  as  when  it  is  done  by 
contract.  The  cost  of  waste  wood  from  a  lumber  mill  averages  much 
less,  probably  not  more  than  $1.50  per  cord. 
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The  cost  of  Operating  destructive  distilling  plants,  including  office 
expenses,  labor,  fuel,  and  packing  products,  is  variously  estimated 
by  the  owners  and  exploiters  at  from  $2.50  to  $6  per  cord,  while  the 
charges  for  interest  and  the  depreciation  of  plants  are  figured  at  from 
60  cents  to  $1.60  per  cord  of  wood  distilled.  The  cost  of  operating 
a  steam  distilling  plant  is  estimated  at  from  47  cents  to  $1.82  per 
cord  and  the  charges  for  interest  and  depreciation  are  from  24  cents 
to  61  cents  per  cord.  The  cost  of  operating  plants  may  be  sum- 
marized as  foUows: 


Relative  cost  of  operating  steam  and  destructive  distillation  plants. 

Items. 

Destructive 

distiUaUoD, 

per  cord. 

Steam 

distOlmtioD, 

per  ooitL 

Cost  of  wood  for  distilling 

$1.50toS8.00 

2.50to  6.00 

.eoto   1.60 

$LODtoSS.QO 

Ifanfigmnent,  labor,  fiieirpAcking 

.47tD    LS3 

IntertMt  and  depreciation.'! T. 

.34to     .01 

Total 

4. 60  to  10. 60 

L71to  5.43 

It  must  be  borne  in  mind  that  in  destructive  distillation  other 
products,  such  as  charcoal,  pine  oils,  and  rosin  oils,  are  produced,  the 
value  of  which,  under  proper  conditions,  should  more  than  cover  the 
greater  cost  of  operating  the  destructive  process. 

The  cost  figures  given  vary  so  widely  that  it  is  quite  evident  that 
they  may  be  greatly  reduced  by  proper  equipment  and  more  rapid 
handling  of  the  material.  This  statement  applies  particularly  to  the 
steam  processes,  in  which  this  laboratory  has  found  that  the  average 
time  of  distillation  may  be  greatly  reduced  without  lowering  yields. 
Indeed,  the  greatest  field  for  improving  the  wood-turpentine  industry 
lies  more  in  reduced  cost  of  production  than  in  increasing  the  yields 
per  cord  of  wood,  though  there  are,  of  course,  great  possibilities  here 
also.  In  the  examinations  which  have  been  made  of  wood-turpen- 
tine plants  in  the  South,  one  is  particularly  impressed  with  the  crude- 
ness  of  equipment  and  the  wasteful  labor  conditions  which  prevail 
in  most  cases.  Even  in  the  most  modern  plants  decided  improve- 
ments in  arrangement  and  operation  could  be  made.  The  possibili- 
ties of  increasing  profits  by  improvements  in  these  particulars  seem 
to  be  exceedingly  inviting.  Necessarily,  improvement  along  these 
Unes  can  only  be  made  by  competent  management,  and  all  such  plants 
should  be  under  the  control  of  or  have  the  advice  of  an  able  chemical 
engineer.  The  cost  of  production  may  also  be  largely  reduced  by  a 
proper  location  and  affiliation  of  the  plant. 
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YIELDS  OF  VABIOTJS  PBODTJCl?S  FROM  THE  DISTILLATION  OF 

RESINOUS  WOODS. 

The  yield  of  crude  oil  obtained  is  governed  by  two  factors — the 
quantity  of  oil  in  the  wood  and  the  completeness  with  which  this  is 
removed  by  the  method  used.  Thus,  by  steam  processes  from  2  to 
15  gallons  per  cord  are  recovered  from  sawdust  and  slabs,  from  8  to 
20  gallons  from  lightwood,  and  as  high  as  30  gallons  from  very  rich 
iightwood.  By  destructive  processes  from  10  to  20  gallons  are  recov- 
ered from  ordinary  lightwood,  and  larger  quantities  from  exception- 
ally rich  lightwood.  By  extracting  with  soda  it  is  claimed  that  some- 
what better  results  are  obtained. 

The  operators  claim  that  when  using  fixed  retorts  and  the  steam 
process  a  good  yield  from  lightwood,  under  usual  conditions,  is  ap- 
proximately 15  gallons  of  crude  oils  per  cord;  with  rotary  retorts  the 
production  is  increased  to  about  18  gallons,  and  experiments  have 
shown  that  at  least  3  gallons  of  crude  oil,  containing  about  25  per 
cent  of  actual  turpentine,  are  often  left  in  the  wood.  The  crude  oil 
yields  about  80  per  cent  of  refined  oil — a  result  which  is  only  obtained 
by  distilling  much  of  the  heavy  oil  with  the  turpentine.  By  the- 
destructive  process  the  yield  of  wood  turpentine  is  several  gallons  per 
cord  greater  than  by  the  steam  process. 

The  data  on  yields  of  various  products  as  summarized  in  the  fol- 
lowing tables  were  obtained  from  many  sources,  mostly  from  wood 
distillers,  some  from  the  literature,  and  some  based  on  the  experi- 
mental work  of  the  bureau.  The  whole  is  harmonized  as  far  as  pos- 
sible in  accordance  with  the  experience  and  judgment  of  the  author. 
The  data  on  yields  of  crude  oils,  refined  wood  turpentine,  charcoal, 
methyl  alcohol,  acetate  of  lime,  and  unbleached  wood  pulp  may 
safely  be  regarded  as  quite  acciurate.  In  fact,  all  the  data  on  the 
steam  and  volatile  solvent  processes  may  be  so  regarded.  The  other 
data  on  pine  oils,  rosin  spirits,  rosin  oils,  and  creosote,  by  the  destruc- 
tive and  alkali  extraction  processes,  are  not  exact  and  in  general  are 
to  be  regarded  as  careful  estimates  rather  than  as  known  results. 
This  is  due  to  the  fact  that  less  attention  has  been  paid  to  the  separa- 
tion and  utilization  of  these  products,  and  what  one  producer  terms 
** creosote''  may  in  reality  embrace  all  oils  heavier  than  pine  oil,  or, 
in  some  cases,  those  heavier  than  turpentine.  In  other  plants  all  oils 
heavier  than  pine  oils  may  be  combined  with  the  tars  and  disposed  of 
under  this  term.  Further  work  will  be  necessary  before  more  defi- 
nite information  can  be  given  as  to  the  quality  and  nature  of  the 
products  variously  termed  ^'rosin  spirits,"  ^'rosin  oils,"  ''creosote," 
*'wood  oils,"  "tars,"  etc.,  obtained  in  the  destructive  distillation  of 
pine  wood. 

3113P— Bull.  144—12 2 
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Data  on  the  yield  of  varums  products  from  1  cord  (4^000  pounds)  of  long-leaf  yellow  pine 

C'lightv)ood''). 


Steam  process. 

Destructive 
process. 

Alkali  extraction. 

Volatile  solvents. 

Products. 

Dis- 
tills  be- 
tween— 

Yield. 

Dis- 
tills  be- 
tween— 

Yield. 

Dis- 
tills be- 
tween— 

Yield. 

Dls- 
tUls  be- 
tween— 

Yield. 

Crude  oil 

•c. 

154-260 

150-180 
175-250 

OoUofU. 

8-20 

6-16 
2-4 

•a 

80-400 

150-180 
175-260 
f  80-150 
\18O-250 
250-400 
100-400 

OaUom. 
36-120 

5-20 
2-5 

V2-IO 

20-C5 
fr-20 

•c. 

154-400 

150-180 
175-250 

80-260 

250-400 
100-400 

OaUofu. 
36-120 

5-20 
2-5 

5-15 

20-60 
8-20 

154-260 

150-180 
175-250 

OolUms. 
S-20 

Refined  wood  tup- 
pentine 

6-16 

Pine  oils 

2-4 

Rosin  spirits 

Rosin  oil 

Kosin 

^aoo-soo 

Methyl  alcohol 

»40-80 
«30-50 

itl6 
« 10-25 

11,000-1,600 

Calcium  acetate. . . . 

Charooal 

""IC-hS?"'  ""■ 

11,000-1,600 



>  1,000-1,600 

1  Pounds. 


*  Bushels. 


Approximate  yields  of  various  products  from  1  cord  {4^000  pounds)  of  lean  long-Uaf 

yellow  pine. 


Products. 

ess. 

Destructive 
process. 

Alkali  extrac- 
tion. 

Volatile  sol- 
vents. 

Crude  oils 

(MUmt, 
2-10 

IH 
J-2 

OaUont. 
20-52 
2-10 
i-2 
2-b 
12-27 
4-« 

OaUont. 
20-50 
2-8 
i-2 
3-8 
10-25 
4^ 

GaXUms. 
2  -10 

Refined  turpentine 

t1 

Pine  oils... \T7 

Rosin  spirits 

Rosin  oUs 

Creosote 

Rosin 1  

175  -400 

Methyl  alcohol ! 

i-5 
140-100 
«35-50 

i-5 
15-15 
•«10-25 
11,000-1,600 

Calcium  acetate t 

Charcoal  ..                                                       1 

Paper  pulp,  unbleached 

11,000-1,600 

i  1,000  -1,600 

1  Pounds. 

s  Bushels. 

In  these  tables  the  distillation  is  assumed  to  be  carried  to  comple- 
tion in  all  cases.  The  tar  which  is  formed  is  distilled,  yielding  rosin 
spirits,  rosin  oils,  and  creosote.  Therefore  tar  is  not  given  as  one  of 
the  distillation  products  of  wood,  inasmuch  as  it  is  only  an  interme- 
diate product.  In  practice  the  impure  heavy  oils  which  run  out  of 
the  wood  or  result  from  the  partial  breaking  up  of  the  wood  collect  on 
the  floor  of  the  retorts  and  are  withdrawn  before  they  are  completely 
distilled  by  the  rising  temperature  of  the  retort.  Tars  from  resinous 
woods  consist,  therefore,  of  the  phenoloid  bodies,  cresols,  and  other 
related  bodies  from  the  incomplete  distillation  of  the  wood  substance, 
mLxed  with  pine  oils,  rosin  spirits,  rosin  oils,  rosin,  and  small  quanti- 
ties of  organic  acids.  The  quantity  of  tar  per  cord  is  somewhat 
less  than  the  sum  of  the  rosin  spirits,  rosin  oil,  and  creosote.  The 
maximum  yield  will  rarely  equal  the  highest  figures  given  for  those 
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products.  The  ''rosin  spirits"  and  ''rosin  oils"  obtained  by  destruc- 
tively distilling  pine  or  its  soda  extract  are  necessarily  contaminated, 
as  is  also  the  turpentine,  with  empyreumatic  constituents  derived 
from  the  distillation  of  the  cellulose  and  lignin.  They  are  not,  there- 
fore, strictly  speaking,  "rosin  oils"  and  "rosin  spirits, "  but  may  prop- 
erly be  termed  "wood-rosin  spirits"  and  "wood-rosin  oils." 

These  facts  should  be  borne  in  mind  in  considering  the  tabulated 
data  on  yields.  It  is  hoped  that  more  definite  data  as  to  the  yield  of 
various  products  from  pine  will  soon  be  available.  The  operations  in 
the  past  at  wood  turpentine  plants  have  as  a  rule  not  been  conducted 
with  the  care  necessary  to  determine  even  average  yields  with  exact- 
ness. The  weight  of  a  cord  of  wood  varies  greatly,  and  the  amount  of 
water  in  the  wood  may  also  vary.  In  order  that  exact  data  may  be 
had,  the  wood  at  turpentine  plants  should  be  weighed,  a  sample 
analyzed,  and  all  products  measured  or  weighed.  The  wide  values 
given  for  the  several  products  are  explained  partly  by  variations  in 
the  composition  of  the  wood;  as  has  been  stated,  pine  wood  differs 
greatly  in  the  quantity  of  resin  it  contains. 

The  following  figures  are  taken  from  the  census  reports: 

Statislica  on  the  prodiiction  of  wood  turpentine  and  other  resin  oils  from  wood 

{census  reports). 


Wood  used. 

Turpentine  prodtioed. 

Oils  produced. 

Years. 

Cords. 

Value. 

Gallons. 

Gallons 
per  cord. 

Value. 

Gallons. 

Value. 

1906 

50,000 
62,000 
09,000 
116,000 

$129,000 
211,000 
202,000 
234,000 

508,000 
665,000 
506,000 
683,000 

10.1 
10.5 
5.1 
5.9 

$239,000 
306,000 
166,000 
243,000 

125,000 
392,000 
305,000 
323,000 

$17,000 

1907 

69,000 
56,000 

1908 

1909...  .           

70,000 

Though  the  quantity  of  wood  used  in  this  industry  has  more  than 
doubled  in  five  years,  the  quantity  of  turpentine  reported  shows  some 
fluctuation  and  a  rather  small  increase.  Owing  to  the  fact  that  the 
products  of  both  steam  and  destructive  processes  are  included  in  the 
simoimary,  the  only  conclusion  warranted  seems  to  be  that  the  yield  of 
turpentine  per  cord  has  greatly  decreased,  and  this  decrease  is  not 
balanced  by  an  equivalent  increase  in  the  reported  heavy  oils.  It 
seems  probable  that  the  decreased  yield  per  cord  reported  in  1908  and 
1909  is  partly  accounted  for  by  greater  care  in  refining,  whereby  the 
heavy  oils  are  more  completely  separated.  The  decreasing  yields  indi- 
cate either  that  the  wood  used  in  late  years  is  not  so  rich  as  that  for- 
merly employed,  or  that  the  distillation  is  less  complete,  or  that  a 
different  system  of  reporting  is  employed. 
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PBOPEBTIES  AND  COMPOSITION  OF  WOOD  TXTBPENTINE. 

Ordinary  gum  turpentine  recently  prepared  by  distilling  the  crude 
gum  may  be  defined  as  a  mixture  of  terpenes  having  the  same  empirical 
chemical  formula,  CjoHj^,  together  with  small  quantities  of  certain 
derivatives  of  these  terpenes,  concerning  which  but  little  is  known. 
These  components  differ  in  specific  gravity,  optical  propertie^s,  boiling 
point,  consistency,  refractive  index,  odor,  and  probably  in  other 
physical  and  chemical  properties.  The  peculiar  suitability  of  giun 
turpentine  as  a  diluent  for  paints  and  varnishes  is  due  apparently  to 
the  fact  that  it  evaporates  neither  too  rapidly  nor  too  slowly — not  so 
fast  as  to  leave  the  coated  surface  full  of  fine  pores  through  which 
moisture  may  enter  and  destroy  the  paint  or  varnish,  nor  so  slowly  as 
to  unduly  prolong  the  drying.  Further,  its  oxygen-carrying  power 
hastens  the  oxidation  of  the  linseed  oil,  and  thus  forms  the  binding 
coat  which  holds  the  paint  bases  and  resins  to  the  surface  of  the 
material. 

Crude  wood  turpentine  differs  from  gum  spirits  primarily  in  that  it 
contains  additional  terpenes  and  terpene  derivatives,  together  with 
other  nonterpene  derivatives.  In  that  obtained  by  the  destructive 
distillation  of  long-leaf  yellow  pine,  dipentene,  pentane,  pentene, 
toluol,  heptine,  etc.,  have  been  reported,  in  addition  to  pinene. 

After  washing  with  soda  to  remove  phenoloid  bodies  derived  from 
the  breaking  up  of  the  wood,  fractional  distillation,  or  fractiona- 
tion alone  in  the  case  of  the  steamed  distilled  oils,  will  separate  these 
mixtures  into  two  or  more  portions,  each  of  which  will  consist  very 
largely  of  constituents  whose  boiling  points  are  very  close  together. 
It  is  impossible,  however,  by  distillation  to  separate  those  com- 
pounds having  nearly  the  same  boiling  points,  and  as  a  matter  of  fact 
each  fraction  will  also  contain  more  or  less  of  the  heavier  oils,  depend- 
ing on  how  carefully  the  fractionation  has  been  conducted.  Thus, 
from  the  destructively  distilled  oils,  fractions  distilling  at  from  80** 
to  ISS"*  C,  from  155^  to  180°,  from  180°  to  220°,  from  220°  to  250°, 
from  250°  to  400°,  or,  as  a  matter  of  fact,  between  any  desired  limits, 
may  be  obtained. 

The  first  fraction  distilling  between  80°  and  154°  C.  closely  resem- 
bles rosin  spirits,  and  is  in  fact  the  lighter  portion  of  rosin  spirits  con- 
taminated with  small  quantities  of  materials  from  the  nonresinous 
wood  constituents.  The  portion  passing  over  between  154°  and 
180°  C.  is  destructively  distilled  wood  turpentine.  This  fraction 
contains  pinene  and  dipentene,  together  with  smaller  quantities  of 
other  compounds,  at  least  some  of  which  are  normal  constituents 
of  rosin  spirits.  The  heavier  oils  distilling  from  180°  C.  up  are  pine 
and  rosin  oils  in  indefinite  mixtures.  They  are  used  in  the  manu- 
facture of  lubricants,  printing  inks,  solvents,  etc.    The  crude  oils 
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and  tars  of  the  destructive  process  are  often  used  as  disinfectants, 
cable  coatings,  wood  preservatives,  shingle  stains,  etc. 

The  crude  oils  obtained  by  the  steam  distillation  of  long-leaf  yellow 
pine  contain  pinene,  camphene,  limonene,  dipentcne,  terpineol^ 
bomeol,  fenchyl  alcohol,  camphor,  cineol  or  eucalyptol,  etc.  They 
are  fractionated  to  two  or  three  fractions,  wood  turpentine  dis- 
tilling at  from  150°-160°  to  175''-180''  C,  light  pine  oils  between 
ITO'^-ISO^  and  210^-225^  C,  and  heavy  pme  oils  at  from  180°-190^ 
to  230^-240°  C. 

Steam-distilled  wooil  turpentine  consists  essentially  of  pinene, 
together  with  camphene,  limonene,  dipentene,  cineol,  and,  depending 
on  care  of  fractionating,  more  or  less,  terpineol,  borneol,  terpinene,  etc. 
The  pine  oils  contain  chiefly  terpineol,  borneol,  and  fenchyl  alco- 
hol, with  small  quantities  of  limonene,  dipentene,  terpinene,  cineol, 
and  even  less  pinene  and  camphene.  Pine  oils  are  used  in  medicine, 
in  the  manufacture  of  artificial  camphor,  terpineol,  and  terpene 
hydrate,  as  a  solvent  for  pyroxylin  in  cheap  varnishes  and  in  other 
varnishes. 

Many  efforts  have  been  made  to  remove  from  wood  turpentine  one 
of  its  distinguishing  characteristics,  namely,  its  pecuUar  odor,  but 
so  far  with  only  partial  success,  as  the  odor  often  returns.  Our  own 
experiments  indicate  that  this  odor  is  due  chiefly,  if  not  entirely,  to 
the  heavy  oils  which  wood  turpentine  usually  contains.  When  these 
are  removed  by  careful  fractionation,  wood  turpentine  consists 
almost  wholly  of  the  same  constituents  as  gum  spirits,  which  it  also 
closely  resembles  in  odor. 

The  first  fractions  obtained  from  crude  steam-distilled  turpentine 
resemble  gum  spirits  very  closely  in  odor  and  composition,  but  the 
yield  of  this  portion  is  too  small  to  justify  the  rejection  of  subse- 
quent fractions.  Hence,  in  separating  from  the  crude  oils  all  those 
that  have  approximately  .the  same  specific  gravity  and  behave  like 
turpentine  when  distiUed,  portions  of  the  before-mentioned  heavier 
oils  distill  and  mix  with  the  light  oils  and  it  is  probably  the  presence 
of  these  heavy  oils  which  accounts  for  the  difference  between  gum 
spirits  and  wood  turpentine.  Destructively  distilled  turpentine  with 
which  the  products  of  the  distillation  of  rosin  are  mixed  can  not  be 
freed  entirely  from  rosin  spirits  and  its  accompanying  odor.  The 
following  table  shows  the  differences  existing  between  commercial 
gum  and  wood  turpentines  in  regard  to  those  properties  by  which 
technical  value  is  usually  judged.  The  composition  of  wood  turpen- 
tme  is  also  shown  by  the  analyses  given  in  Table  1,  page  68. 
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ConstanU  of  commercial  gum  and  wood  turpentines. 


DetorroinatioQs. 


Oum  spirits. 


Steam  distiOed. 


Destnictivaly 
distiUed. 


Speciflc  gravity  at  20*  C 

Annilar  rotation  at  20*  C.  in  100  mm  tube 

Index  of  refraction  at  20*  C 

Initial  distilling  point  1 

Distilling  below  170*  C percent.. 

Distilling  below  185* C percent.. 

lodin  absorption  « 

Add  number 

Saponification  number 

Color  (Loyibond): 

YeUow 

Red 


a8617toa8889 

-34. 8  to  +29. 6 

1. 4684  to  1. 4818 

154tol69»C. 

73  to  99 

88  to  99 

350  to  400 

a  140  to  a  286 

2.44to&60 

a  7  to  2. 5 

aotoas 


a850toa9150 

+16. 5  to  +3&  14 

L  4673  to  L  4755 

158  to  177*  C. 

0to9S 

20  to  98 

300  to  362 

a080toa312 

1. 06  to  &  75 

astoiao 
a2toi.4 


a  857  to  a  89S 

+34. 4  to  +77. 6 

1. 4606  to  1.  4810 

150  to  160*  C. 

0to93 

61  to  97 

300  to  398 

a028toa246 

a65to4.32 

a4to4.5 

aotoas 


1  Emergent  stem  thermometer;  uncorrected. 

s  WJiss  solution.    Stood  on»4ialf  hour;  200  per  cent  excess  iodin. 

From  these  figures  it  is  quite  evident  that  both  steam-distilled  and 
destructively  distilled  turpentines  have  many  of  the  same  general 
characteristics  as  gum  spirits.  A  point  of  considerable  interest,  in 
view  of  the  often-repeated  complaint  of  painters  that  wood  turpentine 
is  strongly  acid  and  because  of  this  is  very  trying  to  tlie  eyes,  is  the 
comparative  acid  numbers  of  the  several  classes  of  turpentine. 
There  is  no  evidence  to  indicate  that  the  acidity  of  wood  turpentine  is 
greater  than  that  of  gum  spirits,  though  of  course  the  acids  may  not 
be  the  same.  The  acid  and  saponification  numbers  are  indicative  of 
the  amount  of  oxidation  products  which  are  present.  These  figures 
are  not  so  striking,  however,  as  is  the  iodin  number  discussed  below. 
While  it  is  true  that  the  limits  of  specific  gravity  and  of  the  quantity 
distilling  below  170°  C.  do  not  differ  widely  among  these  three  classes  of 
turpentines,  it  is  also  true  that  the  specific  gravity  will  average  higher 
and  the  quantity  distilling  below  170°  C.  lower  in  wood  turpentine 
than  in  gum  turpentine.  In  other  words,  the  wood  turpentine  now 
on  the  market  does  contain  too  much  pine  oil  distilling  above  170°  C, 
and  to  this  fact,  chiefly,  is  undoubtedly  due  the  dissatisfaction  which 
is  expressed  with  reference  to  its  drying  properties. 

The  iodin  number  also  throws  Ught  on  the  composition  of  the  tur- 
pentines. It  indicates  that  in  certain  cases  the  oil  contains  large 
quantities  of  constituents  other  than  pinene  or  other  terpenes  of  the 
same  formula.  In  other  words,  the  iodin  number  indicates  practi- 
cally what  a  distillation  does — that  is,  the  approximate  quantity  of 
heavy  oils  present.  It  will  be  seen  from  Table  2  that,  compared  with 
good  gum  spirits  or  with  the  light  oils  from  crude  wood  turpentine, 
the  heavy  oils  have  a  low  iodin  number;  the  iodin  number  therefore 
shows  whether  or  not  the  sample  contains  considerable  quantities  of 
heavy  oils,  and  also  that  these  heavy  oils  are  not  of  the  same  nature 
as  the  light  oils.  The  same  fact  is  shown  in  a  general  way  by  the 
saponification  number.  Those  turpentines  which  have  large  resi- 
dues that  do  not  distill  below  185°  C.  have  high  saponification  num- 


Digitized  by 


Google 


PRINCIPLES   OF   FRACTIONAL  DISTILLATION.  23 

bere,  or  combine  with  much  soda.     This  saponification  is  rouglJy 
proportional  to  the  residue  not  distilling  below  185°  C. 

The  results  on  the  crude  oils  (Table  3)  differ  from  those  on  the 
refined  products  only  in  degree.  The  crude  oils  have  somewhat  higher 
specific  gravities,  absorb  less  iodin,  and  smaller  proportions  distill  be- 
low 170®  C,  while  the  color  is  deeper  than  in  the  refined  oils.  Tlxe 
figures  on  crude  oils  show  that  as  a  rule  they  contain  but  little  more 
heavy  oils  than  the  refined  samples.  In  other  words,  but  Uttle  has 
been  accomplished  in  improving  the  product  except  by  lightening 
the  color.  This  is  additional  evidence  that  not  enough  care  is 
exercised  in  refining. 

PINE  OILS. 

"Pine  oil''  is  the  term  applied  to  the  heavier  oils  contained  in  crude 
wood  turpentine.  The  term  is  more' properly  limited  to  the  heavy  oils 
of  the  steam-distilled  crude  oil.  The  heavy  oils  of  crude  destructively 
distiDed  wood  turpentine  are  chiefly  the  heavier  portions  of  rosin 
spirits  and  rosin  oils. 

Until  very  recently  pine  oil  was  almost  entirely  a  waste  product  and 
the  producer  had  some  trouble  in  disposing  of  it.  It  is  now  finding 
more  extensive  use  in  paints,  varnishes,  and  medicine,  and  in  the 
manufacture  of  drugs  and  chemicals.  Analyses  of  these  oils,  crude 
and  refined,  and  also  of  refining  still  residues  are  given  in  Table  2, 
page  60.  The  samples  which  have  been  exanuned  in  this  laboratory 
have  specific  gravities  of  from  0.889  to  0.944,  a  refractive  index  vary- 
ing from  1.4765  to  1.4855;  the  initial  distiUing  turpentine,  when 
water  is  not  present,  ranges  from  170°  to  210*^  C.  and  the  major  por- 
tion generally  distills  between  200°  and  215°  C.  The  iodin  values 
are  much  lower  than  those  of  the  refined  wood  turpentine,  while  the 
saponification  numbers  vary  about  Uke  those  of  gum  spirits. 

PBINCIPIiES  OF  FB ACTIONAL  DISTILLATION.' 

When  a  mixture  of  Uquids  is  distilled  the  vapors  which  arise  always 
contain  a  larger  proportion  of  the  lighter  or  low  boiling  constituents 
and  a  smaller  proportion  of  the  higher  boiling  constituents  than  does 
the  remaining  Uquid,  but  rarely,  if  ever,  under  commercial  conditions, 
do  they  consist  of  these  lower  boiling  constituents  alone.  The  com- 
position of  the  vapors  which  arise  from  the  Uquid  bears  a  very  definite 
relation  to  the  composition  of  the  Uquid  in  the  still.  Tlie  greater  the 
proportion  of  the  heavy  constituents  in  the  Uquid,  the  greater  their 
proportion  in  the  vapor.  When  an  ordinary  pot  still,  therefore,  is 
employed  even  the  first  portion  which  passes  over  carries  with  it  more 
or  less  of  the  higher  boiling  constituents.     The  proportion  of  these 

iFor  extensive  discussions  of  the  snbject  of  distillation  see  Hausbrand,  "  EN-aporating,  Condensing* 
and  Cooling  Appftratns;''  Rechenberg,"  Gewinnungund  Trennung  der  aetherlschen  Oele;"  and  Young, 
"Fractional  Distillation." 
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heavier  constituents  thus  carried  over  is  primarily  controlled  by  the 
proportion  in  the  hquid.  Tt  is  also  greater  the  less  the  fractionating 
effect  in  the  still.  Fractionation,  within  limits,  is  decreased  by 
increasing  the  velocity  of  the  distilling  vapors;  that  is,  the  more 
rapid  the  distillation,  the  smaller  the  space  above  the  liquid  in  the 
still,  and  the  smaller  the  opening  to  the  condenser,  the  more  of  the 
heavy  constituents  the  distillate  contains.  As  distillation  proceeds, 
the  liquid  in  the  still  becomes  richer  in  the  heavier  constituents  and 
the  vapors  arising  from  tliis  Uquid  also  contain  a  larger  proportion 
of  these,  although  less  than  the  remaining  Uquid,  until  finally  all  of  the 

lighter  constituents 
are  removed  and  the 
distillate  consists 
wholly  of  the  heav- 
ier ones.  That  is, 
in  the  distillation  of 
a  crude  turpentine 
from  a  pot  still,  the 
first  part  of  the  dis- 
tillate is  a  fairly 
light  product,  con- 
taining relatively 
small  proportions  of 
heavy  oils.  This 
first  portion  is  fol- 
lowed sooner  or 
later,  depending  on 
the  proportion  of 
light  oils  in  the 
crude  oil  and  the 
speed  of  distilla- 
tion, by  a  product 

Fio.  1.— A  simple  periodic  column  stiU,  with  chambers  containing        containing  COntinu- 
brokenrock.  oaiuiu^  lA^iii/iiiu- 

ally  increasing  pro- 
portions of  heavy  oils,  until  at  a  certain  point  the  product  no  longer 
contains  light  oils  but  consists  entirely  of  what  may  be  called  the  light 
pine  oils  mixed  with  small  proportions  of  the  heavy  ones.  As  distilla- 
tion progresses  this  product  also  gradually  changes  in  composition  and 
the  proportion  of  heavy  pine  oils  becomes  greater  until  they  form  the 
entire  distillate.  For  these  reasons  it  is  impossible  to  secure  more 
than  an  approximate  separation  of  crude  wood  turpentine  into  its 
several  cliief  constituents  by  a  single  distillation  from  a  pot  still.  It 
is  necessary  to  make  several  redistillations  of  each  of  the  intermediate 
fractions  or  portions  which  have  been  distilled  between  certain  limits. 
Directions  for  doing  this  most  satisfactorily  are  given  on  page  55. 
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The  separation  of  the  several  constituents  of  a  mixed  liquid  is  most 
quickly,  economically,  and  completely  effected  in  a  column  still, 
several  conunon  forms  of  which  are  shown  in  figures  1,  2,  3,  and  4. 
This  consists  essentially  of  a  number  of  small,  simple  stills  placed  one 
above  the  other  in  the  same  colunm.  The  general  statements  made 
with  reference  to  the  hquid  and  vapor  in  a  simple  still  are  equally 
ferue  of  the  contents  of  each  still  or  chamber  of  the  column  still. 
The  vapors  above  the  Uquid  in  the  lowest  chamber  are  richer  in  the 
lighter  constituents  than  is  the 
liquid  itself.  These  vapors 
pass  upward  through  perfora- 
ted plates  or  capped  openings 
(see  figs.  3  and  4)  and,  partially 
condensing,  become  the  liquid 
in  the  second  chamber,  and  the 
vapors  in  this  chamber  are  in 
turn  richer  in  the  Ughter  con- 
stituents than  is  the  hquid  in 
the  same  chamber.  This  re- 
lation is  repeated  in  each  suc- 
cessive chamber  until  the  va- 
pors at  the  top  of  the  colunim, 
in  the  earlier  stages  of  the  dis- 
tillation, are  practically  pure  or 
constitute  a  mixture  of  definite 
composition.  If,  when  this 
point  is  reached,  the  heavier 
constituents  of  the  liquid  are 
not  removed  from  the  still,  but 
the  distillation  is  continued 
with  rising  temperature,  these 
constituents  pass  upward  into 
each  successive  chamber,  obey- 
ing the  same  law  as  in  distilla- 
tion from  the  simple  stiU.  As 
there  are  a  number  of  successive  stills,  however,  the  mixed  Uquid 
when  passed  through  a  column  still  once  is,  as  a  rule,  separated  more 
completely  into  its  several  constituents  than  by  several  (hstillations  in 
a  pot  still. 

Several  forms  of  column  stills  applicable  to  the  refining  of  wood 
turpentine  will  be  considered.  Figure  1  shows  one  of  the  simplest 
forms.  It  consists  of  the  still  proper,  surmounted  by  a  fractionating 
colunm.  The  column  consists  of  one  or  more  chambers,  containing 
broken  quartz  rock  or  other  inert  material,  or  of  a  number  of  cham^ 
bers  separated  by  plates,  as  shown  in  figure  2.    The  former  is  the 


I 


Fio.  2.— A  periodic  oolamn  still,  with  the  ohamben 
separated  by  hooded  plates. 
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cheaper,  but  the  latter  is  somewhat  more  efficient.  Stills  of  the  type 
shown  in  figures  1  and  2  are  known  as  periodic;  that  is,  they  are  not 
operated  continuously,  buc  distillation  is  discontinued  from  time  to 
time,  the  residues  emptied  out,  and  the  still  recharged  for  another 
distillation.  By  careful  and  intelligent  operation  crude  wood  tur- 
pentine can  be  separated  into  three  or  four  products  of  fairly  definite 
proportions,  each  one  passing  in  succession  through  the  colunm  and 
being  condensed  and  stored  in  the  proper  receiving  tank.     It   is 


Fio.  3.— An  ordinary  continuous   beer 
still  used  for  turpentine  distillation. 


Fio.  4.— a  continuous  still  with 
plates. 


preferable,  however,  to  distill  the  wood  turpentine  through  the  column 
and  the  pine  oils  from  a  pot  still,  to  which  they  are  run  from  the 
bottom  of  the  column  still.  Pine  oils  distill  so  slowly  with  steam 
that  the  use  of  a  fractionating  column  in  their  case  is  not  practicable. 
Periodic  column  stills  are  suitable  only  for  small  plants  producing 
less  than  600  or  800  gallons  of  crude  oils  per  day,  in  which  case  the 
volume  of  the  products  does  not  warrant  the  installation  of  the  more 
costly  continuous  still  for  the  separation  of  three  or  more  products 
simultaneously. 
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Two  forms  of  the  continuous  still  are  shown  in  figures  3  and  4. 
These  may  be  operated  together  to  obtain  three  products,  or  indi- 
vidually to  obtain  two  products.  The  crude  turpentine  enters  the 
column  through  pipe  2  in  a  continuous  stream.  Here  it  comes  in  con- 
tact with  live  steam  entering  below  and  is  carried  upward  where  it  is 
fractionated;  the  light  oils  of  any  desired  composition,  depending  on 
the  volume,  speed,  and  temperature  of  the  entering  steam,  pass  con- 
tinuously from  the  head  of  the  column,  are  condensed,  and  run  into 
storage  tanks,  while  the  heavier  oils  pass  downward  and  out  at  the 
bottom  of  the  still  into  a  second  and  usually  smaller  column,  or  into 
a  pot  still  from  which  they  are  again  distilled.  This  distillate  is  pine 
oil  of  one  or  more  grades  and  is  heavier  than  that  obtained  from  the 
first  column.  The  condensed  water  and  small  quantities  of  other 
materials  appear  as  waste  at  the  bottom  of  the  shorter  column  or 
remain  in  the  pot  still.  The  distillate  from  the  first  column  should^ 
under  proper  conditions  of  operation,  contain  all  the  wood  turpentine 
Mid  but  little  of  the  heavier  constituents,  such  as  the  pine  oils,  etc.,  of 
the  crude  oils.  These  pine  oils,  if  present,  can  be  separated  by  a  sec- 
ond distillation  of  the  portion  containing  them.  The  composition  of 
the  first  distillate  may  be  largely  controlled  by  the  manipulation  of  the 
still,  especially  by  the  speed  and  the  ratio  between  the  steam  and 
the  crude  oils  entering  the  still.  The  pot  still  may  be  readily  con- 
verted into  a  column  periodic  still  by  replacing  the  gooseneck  with  a 
suitable  column. 

It  is  highly  important  in  turpentine  distillation  that  the  condens- 
ing surface  be  ample  to  fully  condense  the  vapors  and  cool  the  con- 
densed liquids  to  about  70°  F.  An  insufficient  condensing  surface  is 
too  often  a  fault  of  wood  distillation  plants.  It  is  to  be  borne  in 
mind  that  in  the  South  the  water  available  for  condensing  and  cool- 
ing has  a  higher  temperature  than  that  used*  farther  north,  and 
consequently  larger  condensers  and  more  water  are  required.  The 
consumption  of  cooling  water  may  be  greatly  reduced  by  the  use  of 
large  atmospheric  condensers. 

EXPEBIMENTS  IN  BEFININa  WOOD  TTJBPENTINE. 

The  purpose  of  refining  crude  wood  oils  is  to  separate  them 
into  their  constituents  or  into  fairly  definite  mixtures  of  commer- 
cial value.  That  portion  known  as  "wood  turpentine"  should 
be  similar  to  freshly  distilled  gum  spirits  as  a  paint  and  varnish 
thinner  and  be  as  free  as  possible  from  the  very  objectionable  odor 
of  the  crude  or  imperfectly  separated  wood  turpentine.  Properly 
made  wood  turpentine  should  dissolve  gums  and  resins  as  well  as 
gum  spirits,  and  when  used  in  paints  and  varnishes  they  should  be  as 
durable  and  dry  rapidly  without  pinhole^  and  without  crawling. 
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Further,  it  should  be  no  more  deleterious  to  the  health  of  the  work- 
man than  the  gum  spirits. 

The  refining  experiments  conducted  in  this  laboratory  have  been 
controlled  by  determining  the  specific  gravity,  refractive  index,  initial 
boiling  point,  and  behavior  on  distillation  of  samples  drawn  at  stated 
times  during  the  refining  operations  and  of  the  several  final  products 
obtained  from  these  operations. 

USE   OF  THE   PERIODIC    COLUMN    STILL. 

The  refining  experiments  on  an  industrial  scale  have  been  made 
with  pot  stills  and  two  forms  of  periodic  columns,  which  are  shown 
in  sections  in  figures  3  and  4.  Figure  3  is  an  ordinary  beer  still  of 
10  chambers,  such  as  is  used  in  making  alcohol,  modified  and  adapted 
to  the  work.  Both  columns  were  used  as  periodic  stills.  The  steam 
necessary  to  boil  the  crude  turpentine  is  admitted  to  the  bottom 
chamber  of  the  column  through  the  pipe  8.  It  boils  the  crude  oils  in 
this  chamber  and  passes  upward  through  one  chamber  after  another, 
boiling  the  descending  crude  oil  and  carrying  with  it  the  turpentine 
vapors.  The  plates  within  the  column  are  perforated  so  as  to  allow 
the  steam  to  pass  through  them.  The  vapors  rise  to  the  upper  part 
of  this  column  and  are  conveyed  through  the  pipe  9  into  the  heater 
•3,  where  they  are  circulated  about  the  tubes  containing  the  crude 
oil  passing  through  the  heater,  and  then  are  carried  through  the  pipe 
10  into  the  condenser  11  and  thence  to  the  separator  13  through  the 
test  box  12. 

The  crude  turpentine  is  discharged  from  pump  1  and  pipe  2  into 
the  heater  3.  This  heater  contains  a  series  of  tubes  through  which 
the  turpentine  is  passed  and  around  which  the  vapors  coming  from 
the  boiling  oils  in  the  column  on  their  way  to  the  condenser  are  cir- 
culated. The  heated  turpentine  leaves  the  heater  through  pipe  4 
and  reenters  the  column  below  the  heater  where  it  comes  in  contact 
with  steam.  The  lower  part  of  the  column  is  divided  by  plates  into 
a  series  of  chambers,  in  each  of  which  the  turpentine  is  boiled  and 
reUeved  of  some  of  its  light  oils.  The  crude  oil  takes  a  downward 
course  through  the  drop  pipes  and  across  each  of  the  various  plates. 
It  should  lose  all  of  its  %ht  oils  by  the  time  it  reaches  the  bottom 
chamber  of  the  column,  from  which  it  is  automatically  discharged 
through  valve  5,  or  subsequently  distilled  as  pine  oil,  after  the  tur- 
pentine has  been  removed. 

Figure  4  was  also  used  as  a  periodic  still  in  practically  the  same 
way.  The  crude  oils  should  flow  from  a  storage  tank  into  the 
still  through  pipe  2.  The  column  contains  a  series  of  chambers, 
upon  each  of  which  is  carried  about  3  inches  of  Uqmd.  A  constant 
level  is  maintained  in  each  chamber  by  means  of  the  drop  pipes. 
The  plates  between  the  chambers  are  not  perforated  as  in  figure  3, 
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but  the  vapors  ascend  from  one  chamber  to  another  through  a  pipe 
in  the  center  of  the  plate,  are  deflected  downward  by  a  hood  over 
the  pipe,  and  forced  to  boil  their  way  through  the  liquid  oii  each 
plate  by  the  steam  which  enters  the  still  through  the  pipe  3.  The 
arrows  indicate  the  course  of  the  vapor  in  the  still.  The  vapors 
boil  from  chamber  to  chamber,  becoming  purer  as  they  ascend  until 
they  reach  the  top  chamber  of  the  colmnn,  from  which  they  are 
delivered  through  the  pipe  4  into  the  cooler  condenser  5,  where  they 
are  reduced  to  a  liquid.  This  cooling  and  condensing  is  effected  by 
drculating  cold  water  through  the  tubes  around  which  the  vapor 


The  condensed  vapor,  turpentine,  and  water  is  drawn  off  at  the 
bottom  of  the  condenser  and  allowed  to  flow  through  the  test  box  6, 
^ere  it  can  be  examined.  The  steam  pressure  within  the  apparatus 
is  registered  by  a  pressure  gauge  not  shown.  The  turpentine  and 
water  after  passing  through  the  test  box  is  run  into  the  separator  7, 
from  which  the  turpentine  may  be  run  to  storage  tanks. 

The  general  plan  of  the  experiment  was  to  draw  off  samples  from 
time  to  time  during  the  distillation,  noting  the  temperature  of  the 
vapors  escaping  to  the  condenser  and  the  relative  volumes  of  tur- 
pentine and  water  in  the  condensed  distillate,  and  making  an  exam- 
ination of  the  samples,  determining  specific  gravity,  refractive 
index,  initial  distilling  temperature,  and  behavior  on  distillation 
when  150  cc  were  distilled  from  an  ordinary  distilling  flask,  using  an 
emergent  stem  thermometer.  All  of  the  turpentine  obtained  during 
a  distillation  was  not  run  into  the  same  tank,  but  at  various  prede- 
temiined  periods  it  was  directed  into  other  tanks,  and  at  the  close  of 
a  distillation  each  fraction  was  measured,  and  the  relative  volume  of 
water  and  turpentine  determined.  The  residue  of  heavy  oil  was  also 
measured,  and  samples  from  each  tank  were  examined  as  just  out- 
lined. The  results  of  the  distillation  and  data  obtained  on  the  dis- 
tilling oils  from  time  to  time  during  the  process  are  given  in  Tables 
4  and  5. 

These  data  show  the  effectiveness  of  the  separations  at  intervals 
during  distillation  and  are  in  all  respects  similar  to  data  obtained  in 
the  distillation  of  other  closely  related  oils  with  steam  in  a  column 
still.  The  first  portions  distilling  consist  almost  entirely  of  light  oii, 
but  as  distillation  proceeds  the  proportion  of  light  oil  in  the  distilling 
oils  decreases  while  the  proportion  of  heavy  oil  increases  until  distil- 
lation ia  discontinued.  The  fact  that  the  proportion  of  heavj"  oil 
begins  to  increase  when  the  distillation  is  about  half  over  is  proof 
that  large  quantities  of  heavy  oil  were  in  the  crude  product.  The 
first  or  A  fractions  of  all  distillations  in  the  beer  still  were  mixed 
together,  and  the  A  fractions  of  all  distillations  from  the  refining 
Btill  were  mixed  together;    each  mixture  was  then  again  passed 
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through  the  still  previously  used.  The  data  in  Table  7  show  that  a 
second  distillation  gave  a  refined  wood  turpentine  which  complied 
with  the  most  exacting  requirements  as  to  uniformity,  specific  gravity, 
and  behavior  on  distillation;  furthermore,  the  odor  of  this  turpen- 
tine is  much  milder  than  that  of  the  original  crude  oils,  resembling 
quite  closely  that  of  gum  spirits. 

Table  6  contains  all  of  the  complete  results  obtained  on  the  samples 
collected  in  the  experiments  in  refining  crude  steam-distilled  wood 
turpentine.  The  table  is  arranged  on  the  basis  of  the  specific  gravity 
of  the  sample,  that  with  the  lowest  gravity  being  entered  first.  From 
this  table  the  successive  samples  of  any  distillation  may  be  readily 
picked  out.  For  instance  6Ai  and  6A3  are  the  successive  samples  of 
the  first  fraction  of  the  distillation  of  the  sixth  barrel  and  OB,  and 
9B4  are  the  successive  samples  from  the, second  or  B  fraction  of  the 
distillation  of  the  ninth  barrel. 

From  the  nature  of  the  experiments,  all  of  the  data  can  not  be 
strictly  harmonious.  Variations  in  atmospheric  pressiu-e  occasion 
diflFerences  in  distilling  temperatures.  Variations  in  steam  pressure 
and  volmne  occasion  differences  in  distilling  temperatures,  and 
within  limits  in  specific  gravity  and  behavior  on  redistillation.  On 
the  whole,  however,  the  data  (see  Tables  4  to  8)  show  that  a  low  dis- 
tilling temperature,  specific  gravity,  and  refractive  index,  together 
with  a  high  percentage  of  turpentine  in  the  steam  distillate,  are  char- 
acteristic of  turpentines  of  which  90  per  cent  distill  below  170°  C.  It 
will  be  seen,  furthermore,  that  when  the  percentage  of  oils  in  the 
distillate  falls  below  35  or  30  per  cent  these  oils  consist  altogether 
of  the  heavier  ones  which  distill  above  170°  C.  Therefore,  the  con- 
clusion drawn  from  Table  7  is  that  when  the  distillate  contains  65 
per  cent  or  more  of  oils,  these  will  comply  with  the  requirements  for 
a  high-grade  uniform  wood  turpentine,  90  per  cent  of  which  will 
distill  below  170°  C.  When  from  55  per  cent  down  to  30  per  cent  of 
the  distillate  consists  of  oils,  considerable  quantities  of  light  oils  are 
present  and  the  oils  must  be  redistilled  with  steam,  probably  only  once 
from  a  column  still,  to  separate  the  light  oils,  which  should,  as  before, 
constitute  55  per  cent  of  the  distillate.  That  portion  of  the  distillate 
containing  less  than  30  per  cent  of  oils  contains  only  heavy  oils,  or 
pine  oils,  and  need  not  be  again  distilled  to  separate  oils  boiling  below 
170°  C.  To  this  portion  may  be  added  the  oils  constituting  less  than 
55  per  cent  of  the  distillate,  of  the  redistilled  middle  fraction,  or,  if 
desired,  this  portion  may  be  kept  separate,  as  the  oils  are  somewhat 
hghter  than  the  heavy  oils  from  the  first  distillation. 

Table  8  contains  the  data  concerning  the  several  fractions  obtained 
in  the  different  distillations  of  the  crude  oils.  These  data  are  of  the 
same  general  nature  as  those  in  Table  7.  The  temperature  of  distil- 
lation, proportion  of  turpentine  in  the  distillate,  specific  gravity, 
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refractive  index,  and  behavior  on  redistillation  are  in  general  har- 
mony, as  is  to  be  expected.  In  general,  the  larger  the  i>ercentage  of 
the  crude  turpentine  contained  in  the  first  or  A  fraction  and  the 
smaller  the  percentage  of  turpentine  in  the  distillate,  the  higher  the 
specific  gravity  and  the  smaller  the  quantity  passing  over  below 
170*^  C.  on  redistillation.  The  figures  also  indicate  that  those  frac- 
tions of  which  fully  90  per  cent  passed  over  below  170®  C.  on  redis- 
tillation constituted  at  least  54  per  cent  of  the  distillate  from  the 
refining  still.  Those  fractions  which  constituted  from  54  to  30  per 
cent  of  the  distillate  contained  large  quantities  of  heavj-  oils,  and  a 
second  distillation  was  necessary  to  separate  them  and  obtain  a 
product  90  i>er  cent  of  which  passes  over  below  170®  C. 

The  data  under  barrels  7  to  11  A,  7  to  11  A+B,  and  1  to  6  A  (Tables 
7  and  8)  which  were  mixtures  of  fiirst  or  A  fractions,  show  that  on  a 
second  distillation  an  entirely  acceptable  wood  turpentine  was 
obtained,  and  that  approximately  92  per  cent  of  the  first  fraction 
was  light  oU.  Approximately  50  to  54  per  cent  of  the  crude  oil  was 
recovered  in  the  first  distillation  as  a  high-grade  wood  turpentine. 
The  highest  figures,  thoae  on  barrel  3,  indicated  that  the  crude  tur- 
pentine employed  did  not  contain  more  than  60  per  cent  of  oils 
distilling  below  170°  C,  while  those  on  barrel  4,  which  are  considered 
the  most  reliable,  having  been  corrected  for  variations  in  pressure 
and  temperature,  indicate  54  per  cent  of  light  oil  distilling  below  this 
temperature.  This  figure  is  probably  correct  within  2  per  cent. 
That  is,  the  crude  oil  contained  from  52  to  56  per  cent  of  light  oils 
distillii^  below  170*^  C.    The  separation  in  a  single  distillation  of  a 

(90x54\ 
Too""/ 

or  48.6  per  cent  instead  of  54  per  cent,  may  be  considered  a  satis- 
factory separation,  as  it  leaves  in  the  heavy  or  pine  oils  5  per  cent  of 
the  original  light  oils.  This  is,  as  wiU  be  seen  by  consulting  the 
tables,  concentrated  in  a  middle  fraction  constituting  from  15  to  30 
per  cent  of  the  original  crude  oil.  Of  this  middle  fraction  16  to  33 
per  cent  is  light  oil,  which  can  be  almost  completely  separated  by  a 
second  distillation  with  steam  in  a  column  still.  This  second  separation 
will  probably  be  sharper  than  the  first,  for  the  reason  that  by  far  the 
greater  part  of  the  heavy  oils  present  in  the  crude  oil  has  been 
removed,  and  of  course  the  distillation  is  no  longer  afl'ected  by  them. 

USE   OF  THE   POT   STILL. 

Similar,  but  less  complete,  experiments  were  conducted  in  Georgia 
rising  an  ordinary  gooseneck  turpentine  still  for  refining  crude  steam- 
distiUed  wood  turpentine.  These  stills  were  charged  with  between 
350  and  400  gallons  of  crude  oils  and  refined  with  a  slow  current 
of  live  steam,  from  10  to  12  hours  being  required  to  distill  off  the 
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wood  turpentine  from  the  i)ine  oils.  The  distillate,  consisting  of 
water  and  turpentine,  flowed  from  the  condenser  at  a  quite  uniform 
rate  of  1  gallon  in  from  one  minute  to  one  and  one-fourth  minutes. 
As  it  was  not  feasible  to  measure  the  distillate,  the  refined  wood 
turpentine,  nor  the  pine  oil  recovered  from  the  charge,  these  can 
only  be  calculated  from  the  rate  of  distillation  for  the  three  experi- 
mental runs.  These  results  are  only  approximate,  but  show  roughly 
the  quantity  of  heavy  oib  passing  into  the  wood-turpentine  storage 
tank. 

The  results  obtained  with  the  ordinary  pot  still  having  a  goose- 
neck (Tables  9  and  10)  agree  quite  well  with  those  from  the  colunm 
still  in  indicating  that  the  percentage  of  turpentine  in  the  distillate 
must  not  fall  below  54  if  90  per  cent  of  the  refined  product  is  to 
distill  below  170°  C.  Also  that  the  portion  of  the  distillate  which 
contains  between  54  and  30  per  cent  of  oils  is  a  mixture  containing 
much  pine  or  heavy  oils,  which  should  be  again  distilled  to  separate 
the  turpentine  from  it;  and,  finally,  that  when  the  distillate  contains 
,less  than  30  per  cent  of  oils,  these  oib  are  not  turpentine  but  pine  oils. 

In  these  experiments,  the  distillation  of  the  so-called  turpentine 
may  be  roughly  divided  into  three  periods;  the  first  covering  some- 
what less  than  a  third  of  the  time,  during  which  the  light  oils  (90  per 
cent  of  which  distill  below  170**  C.)  are  passing  over;  the  second 
period  covering  from  one-third  to  two-fifths  of  the  total  time,  when 
a  mixture  containing  larger  and  increasing  quantities  of  heavy  oils  is 
distilling;  and  the  last  period,  approximating  one-fourth  of  the  time, 
when  heavy  oils  which  should  properly  go  to  the  pine-oil  tanks  are 
distilling. 

Calculations  based  on  the  refining  data  indicate  that  the  crude 
oils  contained  approximately  70  per  cent  of  wood  turpentine  dis- 
tilling below  170°  C.  Calculations  from  the  factory  records  and  the 
analysis  of  the  refined  wood  turpentine  showed  60  per  cent  of  wood 
turpentine  in  the  crude  oils.  The  apparent  discrepancy  is  doubtless 
due  to  the  fact  that  no  accurate  measurements  of  volumes  are  avail- 
able for  calculation. 

A  comparison  of  the  data  in  Tables  6  and  10  shows  that  the  samples 
taken  from  the  colunm  still  and  from  the  pot  still,  when  the  percent- 
age of  turpentine  in  the  distillate  was  the  same,  are  much  alike  in 
composition.  It  must  be  remembered  in  comparing  the  data  that 
the  percentage  of  turpentine  in  the  distillate  can  not  be  determined 
with  great  accuracy.  The  figures  given  may  be  in  error  2  per  cent. 
Further,  the  distillation  of  the  samples  from  the  column  still  were 
made  with  emergent  thermometers  and  were  not  corrected  for 
pressure. 

On  the  whole,  the  data  from  the  two  forms  of  stills  are  very  con- 
cordant.    They  agree  in  indicating  tliat  as  long  as  the  distillate  from 
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the  refining  still  consists  of  at  least  54  per  cent  oik,  90  per  cent  of  those 
oils  will  distill  below  170®  C;  that  when  the  distillate  contains  from 
54  to  30  per  cent  of  oils,  the  oil  is  a  mixture  of  light  and  heavy  oils, 
which  must  be  again  distilled  to  separate  the  light  oik  distilling 
below  170**.  When  the  distillate  contains  less  than  30  per  cent  of 
oik,  it  contains  practically  no  oil  distilling  below  170®.  The  specific 
gravity  of  the  oik  bears  a  fairly  close  relation  to  the  percentage  of 
oik  in  the  steam  dktiliate.  When  the  percentage  of  oik  in  the  dk- 
tiUate  k  55  to  53,  the  specific  gravity  k  0.8634  to  0.8638;  when  the 
percentage  of  oik  k  30  to  27  the  specific  gravity  k  0.8811  to  0.8868 
(omitting  one  doubtful  result). 

The  data  can  not  be  employed  to  show  definitely  the  comparative 
efficiency  of  the  column  and  pot  stilk  in  refining  wood  turpentine. 
They  do  indicate,  however,  in  a  general  way  that  the  fractionation 
is  sharper  and  that  the  intermediate  fraction  of  the  light  and  heavy 
oik  k  smaller  from  the  column  than  from  the  pot  still.  It  will  be 
noted  that  in  the  earlier  stages  of  the  dktillation  from  the  column 
still,  the  distillate  contained  from  54  to  65  per  cent  of  oik,  while  the 
distiUate  from  the  pot  still  contained  only  54  per  cent.  Thk  indi- 
cates, as  has  been  said,  a  much  sharper  separation  on  the  part  of  the 
column  still  during  the  first  of  the  dktillation.  If  the  dktillation 
were  stopped  at  any  given  point,  say  when  the  percentage  of  turpen- 
tme  in  the  dktiliate  was  50,  the  separation  in  the  colunm  still  would 
be  more  complete  and  the  turpentine  from  it  would  contain  less 
heavy  oik  than  that  frpm  the  pot  still.  It  has  been  stated  that 
from  the  column  still  a  middle  fraction  containing  about  5  per  cent 
of  the  light  oik  that  were  in  the  crude  oik  k  obtained.  Calcula- 
tions based  on  the  rate  of  dktilling  indicate  that  the  middle  fraction 
from  the  pot  still  contains  from  10  to  16  per  cent  of  the  light  oik  pres- 
ent in  the  crude  oik,  and  that  it  k  larger  than  the  middle  fraction 
from  the  column  stilk. 

Experiments  similar  to  the  foregoing  were  ako  conducted  with 
destructively  dktilled  turpentine,  and  results  of  the  same  general 
nature  as  to  the  separation  from  the  heavy  oils,  percentage  of  oik 
m  dktiliate,  etc.,  were  obtained.  The  stilk  used  in  thk  work  became 
unavailable  at  thk  time  and  therefore  no  eflFort  was  made  to  separate 
the  light  oik,  dktilling  below  150°  C,  other  than  to  make  three  frac- 
tions of  the  dktiliate.  The  first  fraction  should  have  contained  the 
lighter  oik  with  but  small  proportions  of  turpentine,  the  second  frac- 
tion the  wood  turpentine,  and  the  third  the  pine  oik,  or,  more  prop- 
erly, the  heavier  constituents  of  rosin  spirits.  The  separation  between 
the  light  oik  and  the  turpentine  was  not  at  all  sharp,  and  a  single  frac- 
tionation in  the  column  still  did  not  give  in  any  case  a  fraction  which 
contamed  all  the  light  oik,  with  but  minor  percentages  of  turpentine. 
3113I»-.Bull.  144—12 3 
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If  distillation  of  the  first  fraction  was  continued  sufficiently  long  to 
carry  over  all  the  light  oils,  it  contained  50  per  cent  or  more  of  turpen- 
tine, or  if  the  distillation  of  the  first  fraction  was  discontinued  when 
it  had  but  a  small  proportion  of  turpentine,  it  did  not  contain  all  the 
light  oils. 

Between  the  turpentine  proper  and  the  heavy  oils  there  was  also 
a  mixed  jK)rtion,  as  in  the  case  of  the  steam-distilled  turpentine,  and 
this  contained  notable  percentages  of  light  constituents.  It  is  quite 
evident,  therefore,  that,  when  operating  these  stills  in  the  manner 
described,  it  is  necessary  to  make  a  second  distillation  of  two  middle 
fractions,  one  to  separate  rosin  spirits  from  turpentine  and  one  to 
separate  turpentine  from  the  heavy  oils.  Under  the  circumstances, 
it  is  not  deemed  advisable  to  include  the  detailed  figures  on  the  dis- 
tillation of  the  destructive  turpentine. 

CONCLUSIONS   IN   REGARD  TO  REFINING. 

From  the  data  obtained  in  these  experiments  it  is  concluded  that 
the  percentage  of  oils  in  the  distillate  furnishes  the  most  reliable  and 
useful  information  as  to  the  progress  of  distillation  and  the  nature 
of  the  oils  at  different  times,  and  this  is  also  the  simplest  means  of 
acquiring  such  information.  Neither  the  specific  gravity  of  the  oils 
nor  the  temperature  of  the  distilling  vapors  at  the  top  of  the  still 
furnishes  as  reliable  information,  nor  are  they  so  conveniently  deter- 
mined. The  temperature  of  the  vapors  is  materially  affected  by  the 
volume  and  temperature  of  the  steam  entering  the  still  and  by  varia- 
tions in  atmospheric  pressure.  The  former  can  of  course  be  made 
practically  constant  by  the  use  of  reducing  valves,  but  corrections 
for  atmospheric  pressure  require  more  training,  experience,  and  care 
than  can  probably  be  given  at  such  plants. 

The  specific  gravity  of  the  samples  taken  during  distillation  often 
shows  a  decided  conflict  with  the  other  data  on  the  samples,  but  in 
the  main  it  is  a  reliable  indication  of  the  progress  of  the  distillation 
and  the  composition  of  the  oil.  But  as  this  determination  also 
requires  more  skill,  and  is  in  every  way  more  difficult  to  make 
in  the  works,  it  is  not  as  safe  a  guide  as  the  volume  relations  of  the 
distillate. 

The  column  still  will  give  sharper  separations  of  wood  turpentine 
from  pine  oils  than  can  be  obtained  with  the  pot  still,  but  the  experi- 
ments here  described  do  not  indicate  any  great  superiority  of  the 
column.  The  data  available,  however,  are  inadequate  to  permit  the 
drawing  of  definite  conclusions  as  to  the  economy  or  efficiencj'  of 
the  two  forms  of  stills. 
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ANALYSES   OF  THE  TURPENTINES   AND  VARNISHES  EMPLOYED. 


In  order  to  have  a  strictly  comparable  series  of  experiments  on 
the  value  of  wood  turpentine  as  a  thinner,  varnishes  and  paints  were 
prepared  and  thinned  with  several  different  turpentines.  That  there 
might  be  no  question  as  to  the  authenticity  of  the  samples,  the 
author  personally  collected  them  and  was  present  when  the  paints 
and  varnishes  were  made.  Four  turpentines,  such  as  are  usually 
found  on  the  market,  were  used  in  these  experiments — a  gum  spirits,  a 
steam-distilled  turpentine,  and  two  samples  of  destructively  distilled 
turpentine,  both  of  which  had  been  distilled  after  washing  with  soda. 
None  of  the  wood  turpentine  was  as  good  as  can  be  prepared  by  care- 
ful refining;  all  except  No.  3  contained  much  heavy  oil  which  gave 
them  a  marked  odor  and  undoubtedly  made  the  varnishes  dry  more 
slowly.  Results  with  these  turpentines,  therefore,  would  naturally 
prove  more  unfavorable  to  wood  turpentine  than  if  the  properly 
refined  article  had  been  used.  Analyses  of  the  turpentines  used  in 
these  experiments  are  given  in  the  following  table : 

Analyses  of  the  turpentine  used  in  varnish  experiments. 


Detorminations. 


Oum 
spirits. 


No.1. 


Steam 
distUied 
and  re- 
fined. 


No.  2. 


Destructively  dis- 
tilled, washed 
with  soda,  and 
steam  distilled. 


No.  3. 


No.  4. 


8pedflegrBTttyat20*C 

Aittolar  rotation  at  20*  C 

Index  of  refraction  at  20*  C 

Initial  distiUing  temperature  *C 

Distillation  tests: 

Distminc  below  100*  C.  (per  cent). 

DtstHling  between  100*  and  170*  C.  (per  cent) 

Distilling  between  170*  and  185*  C.  (per  cent) 

Resktoe  above  185*  C.  (per  cent) 

Total  lodin  absorption 

lodfn  absorption,  addition 

lodin  absorption,  substitution 

Add  number 

I  number 

r  In  2D0  mm  cohunns: 

Yellow 

Red 

Polymerlxatlon  resldne  (per  cent) 


0.8M 

+4.20 

1.4008 

155 

82 

13 

2 

2 

431 

336 

48 

0.347 

8.41 

0.74 
0.2 
<1 


0.871 
+33.4 


0.860 
+11.5 


150 

26 

48 

12 

13 

302 

204 

34 

0.270 

7.72 

5.0 


154 


29 

2 

5 

808 

822 

38 

0.110 

3.92 

1.00 


0.867 

+16.4 

1.4723 

102 

0 

05 

30 

4 

352 

282 

35 

a040 

0.9 

0.84 


<1 


<1 


<1 


It  wiD  be  noticed  from  these  analyses  that  according  to  the  distilla- 
tion tests  the  gum  spirits  and  one  of  the  destructively  distilled  tur- 
pentines should  be  ranked  as  quick-drying  turpentines,  with  the 
advantage  in  favor  of  the  gum  spirits;  while  the  steam-distilled  and 
the  other  destructively  distiUed  turpentine  are  slow-drying,  the 
latter  being  the  slower  in  the  initial  stages,  but  the  former  requiring 
longer  to  dry  hard.  It  should  be  noted  that  74  per  cent  of  the  steam- 
distilled  turpentine  distills  below  170^  C,  i.  e.,  26  per  cent  of  the  tur- 
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pentine  is  nonyolatile  at  that  tem]>eratuFe;  yet,  as  will  be  seen  subse- 
quently, the  vambhing  tests  do  not  indicate  that  the  varnish  thinned 
with  this  turpentine  took  longer  to  dry  than  the  others.  Some 
observers  reported  that  this  varnish  dried  more  slowly  than  the 
other  samples,  while  others  stated  that  it  dried  fully  as  fast.  The 
comparatively  low  acid  and  saponification  numbers  of  the  turp^itine 
refined  from  soda  are  to  be  expected.  The  steam-distilled  sample  is 
of  deeper  color  than  the  others,  but  no  difference  can  be  detected  in 
the  color  of  the  varnishes,  which  can  be  ascribed  to  the  color  of  the 
turpentine  used.  While  the  analyses  given  indicate  that  there  is  a 
marked  difference  in  the  behavior  on  distillation  between  the  several 
turpentines,  this  difference  is  no  greater  than  that  frequently  observed 
between  samples  of  gum  spirits. 

Two  classes  of  varnishes  were  prepared  and  thinned  with  these 
turpentines;  a  coach  finishing  varnish  to  represent  outdoor  conditions, 
and  a  piano  varnish  to  represent  those  used  in  interior  work.  These 
were  prepared  by  two  experienced  makers  under  the  writer's  personal 
supervision,  in  accordance  with  their  regular  formulas  for  such  var- 
nishes. In  preparing  them  the  gums  and  oils  were  cooked  in  the  usual 
way,  and  when  suflBciently  cooled  portions  of  the  batches  were  thinned 
to  the  desired  consistency  with  each  of  the  described  turpentines.  For 
comparison,  in  order  that  there  might  be  no  possible  differences  due 
io  a  variation  in  manufacture,  a  portion  was  also  thinned  with  the 
turpentine  regularly  used  by  the  firm.  These  varnishes  were  allowed 
to  age  for  one  year  at  an  even  temperature,  when  they  were  racked 
off  and  half-pint  samples  sent  to  prominent  varnish  makers,  piano 
makers,  and  carriage  builders,  who  had  consented  to  make  pand 
tests  of  the  working  qualities  and  to  pass  judgment  on  the  merits  of 
the  different  varnishes.  ^  Small  quantities  of  the  turpentines  ware 
sent  with  the  different  varnishes  that  they  mi^t  be  thinned  before 
using,  if  necessaiy,  with  the  same  turpentine  used  in  its  preparation. 
The  firms  which  made  these  tests  also  prepared  a  panel  with  the 
varnish  they  regrularly  used  for  each  class  of  work.  There  were  thus 
standard  varnishes  thinned  with  gum  spirits,  two  of  which  were 
identical,  except  as  to  the  turpentine,  with  the  three  thinned  with 
wood  turpentine,  while  the  sixth  varnish  was  that  with  'vdiich  the 
various  varnishing  workmen  were  familiar  and  with  which  they  were 
securing  satisfactory  results.  Very  complete  data  were  requested  as 
to  the  working,  behavior  imder  the  brush,  tendency  to  check  or  peel, 
time  of  drying,  difference  in  gloss,  behavior  when  rubbed,  disagreeable- 
ness  to  workmen,  and  other  pertinent  facts,  all  of  which  will  be  found 
in  Table  11,  page  69. 

Extended  analyses  of  the  varnishes  used  in  these  tests  has  not  been 
attempted  because  they  would  possess  but  little  significance.     It  is  in 

1  It  was  assumed  that  the  finished  vamisbes  made  from  the  same  batch  of  oU  and  gum  would  bacft 
praotloally  the  same  oonsisteiicy;  this  was  not  the  case. 
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the  preparation  of  the  Tarnishes  that  the  difference  in  odor  between 
gum  turpentine  and  wood  turpentine  is  most  strongly  brought  out, 
as  it  is  much  more  pronoimced  at  this  stage  than  in  the  cold  turpen- 
tine or  in  the  completed  varnish  at  ordinary  temperatures,  though 
here,  too,  it  is  quite  easy  to  differentiate  the  several  varnishes.  The 
odor  of  the  hot  varnish  thinned  with  the  steam-distiUed  turpentine 
was  much  more  objectionable  to  the  writer  than  that  of  the  varnishes 
thinned  with  the  destructively  distilled  samples.  In  the  former  case 
the  odor  can  be  best  described  as  resinous  and  nauseating,  while  in 
the  latter  case  it  was  resinous,  penetrating,  and  smoky. 

The  viscosity  of  the  varnishes  was  determined  by  the  Doolittle  vis- 
cosimeter  and  found  to  be  as  follows,  when  expressed  in  angular 
degrees  of  retardation: 

ViacotUy  of  three  kinds  of  varnish  (expressed  in  angular  degrees). 


Vamiah       Coach  fin- 
No.       '     Ishing. 

Piano  rub- 
bing. 

Piano 
flowing. 

1 135.7             117.0 

2 69.1             121.7 

3 1           72.9               97.5 

i.........J         «:»    1         78.7 

« i     S:r     ^-^ 

1                    1 

69.4 
M.7 
02.0 

50.2 
80.5 

Ihat  is,  the  different  samples  of  the  same  kind  of  varnish  were  not 
at  all  alike  in  consistency.  This  fact  has  but  Uttle  significance,  how- 
ever, except  that  it  made  it  necessary  for  each  workman  to  thin  the 
yamishes  himself  before  using  them.  It  is  more  than  probable  that 
this  would  have  been  done  in  any  case  and  the  final  results  do  not 
mdicate  that  the  differences  in  consistency  had  any  practical  effect 
on  the  finished  coat.  It  will  be  seen  from  the  following  table,  and 
from  Table  11,  page  69,  that  the  experimenters  seldom  thinned  the 
varnishes  in  conformity  vnth  their  determined  viscosity.  Neither  is 
there  any  apparent  connection  between  the  turpentine  content,  the 
thinning  required,  and  the  time  of  drying  of  the  different  varnishes. 

Order  in  which  the  varnishes  should  be  thinned. 


Coach 
finishing. 

Piano 
flowing. 

Piano  rub- 
bing. 

No.l 
No.  5 
No.  3 
No.  2 
No.  4 

No.  5 
No.l 
No.  2 
No.  3 
No.  4 

No.  2 
No.l 
No.  3 
No.  5 
No.  4 
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The  percentage  of  volatile  matter  distilled  from  the  varnishes  is 
shown  in  the  following  table: 

Percentage  of  volatile  maUer  distilled  from  the  various  vamisKes, 


Various  thinners  used. 


Gum  spirits 

Steam-Kiistliled  wood  turpentine 

Destructively  distilled,  soda-refined  turpentine,  3. 
Destructively  distilled,  soda-reflned  turpentine,  4 
Gum  turpentine 


Coach 
varnish. 


Per  cent. 
59.4 
45.8 
51.1 
47.7 
51.6 


Piano  rub- 
bing 
varnish. 


Per  cent. 
64.3 
64.0 
65.0 
68.4 
66.9 


Ptaoo 
flowing 


PereenL 
53.8 
64.7 
67.1 
6S.8 
5S.9 


Perhaps  the  only  point  worthy  of  attention  here  is  the  large  amount 
of  volatile  matter  contained  in  the  first  coach  varnish  thinned  with 
gum  spirits.  This  is  the  varnish  that  has  the  highest  viscosity  and 
required  the  greatest  amount  of  thinning. 

The  color  of  all  the  varnishes  was  determined,  using  the  Lovibond 
colorimeter.  Readings  were  made  in  the  }-inch  cell.  AU  varnishes 
were  found  to  have  the  same  amount  of  yellow,  the  only  variation 
being  in  the  red  readings. 

Color  determinations  on  varnishes  thinned  in  different  ways  (Lovibond  readings). 


Thinners  used. 

Coach  varnish. 

Piano  rubbing. 

Piano  finishing. 

Red. 

Yellow. 

Red. 

YeUow. 

Red. 

YeDow. 

OiiTn  8pirita^ 

11.45 
9.80 
9.60 
10.05 
10.15 

15 
15 
15 
15 
15 

9.80 
9.80 
10.60 
9.75 
9.90 

15 
15 
15 
15 
15 

11.90                  15 

Steam  distilled  and  refined 

11.90 
12,00 
11.40 
10.60 

15 

Destructively  distilled  and  soda  refined, 3. . 
Destructively  distilled  and  soda  refined,  4. . 
Gum  (jpiHts.  -  - , - ,,,,_-,,- 

15 
15 
15 

No  useful  conclusion  can  be  drawn  from  tlie  color  tests.  The  data 
furnished  by  the  various  experimenters  are  brought  together  in 
Table  11. 

COMMENTS   OF  THOSE    WHO   TESTED  THE    VARNISHES. 

Murphy  Varnish  Co.:  We  have  reached  the  conclusion  that  the  coach  and  piano 
finishing  varnishes  have  been  mixed .  If  it  is  so,  our  tests,  so  far  as  drying  and  rubbing 
properties  are  concerned,  are  valueless.  Generally  speaking,  we  are  of  the  opinion 
that  the  samples  you  sent  us  are  poor  varnishes;  poor  as  to  materials  and  poor  as  to 
methods  of  manufacture. 

A.  B.  Chase  Co.:  In  our  opinion  these  varnishes  (piano)  were  prepared  and  thinned 
with  a  turpentine  substitute.  When  these  varnishes  were  polished  they  did  not  come 
up  to  our  expectation,  so  we  concluded  they  were  gloss  vamisheQ  and  simply  gave 
the  panels  another  coat  and  left  them  with  a  gloss  finish. 

The  James  d:  Meyer  Buggy  Co.:  As  far  as  we  can  judge  without  giving  them  one 
year's  test  in  the  open  weather,  No.  1  and  No.  3  turpentines  could  be  used  by  us  about 
the  same  as  regular  turpentine.  No.  2  and  No.  4  could  not  be  used  at  all,  aa  they 
crawl  apart  under  the  brush. 
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Steimoay  A  Sons:  None  of  the  vamishes  is  as  good  as  that  regularly  employed  by 
this  firm. 

Vo$€  A  Sons  Piano  Co,:  We  attempted  to  make  the  panel  tests,  following  out  your 
instructions,  and  are  sorry  to  report  that  for  all  purposes  the  samples  sent  us  were 
entirely  impracticable.  Some  of  the  panels,  in  fact  nearly  all  of  them,  still  remain 
tacky  after  the  considerable  length  of  time  since  it  was  applied.  It  is  entirely  impossi- 
ble to  rub  them. 

DISCUSSION   AND  SUMMARY  OF  THE   VARNISHING   EXPERIMENTS. 

COACH-FINISmNG   VARNISHES. 

All  experimenters  thinned  one  of  the  varnishes  made  with  gum 
spirits,  three  thinned  all  varnishes  the  same^  and  one  thinned  both 
gum-spirits  varnishes.    The  other  varnishes  were  not  thinned. 

The  time  that  the  varnishes  remained  tacky  varied  from  3  to  36 
hours,  and  the  results  do  not  show  that  the  wood  turpentines  behave 
materially  differently  from  the  gum  spirits  in  this  respect.  The 
varnish  thinned  with  the  wood  turpentine  containing  the  most  heavy 
oil  (No.  4)  does  not  remain  tacky  materially  longer  than  the  others. 
The  same  statements  apply  to  the  time  which  is  required  for  the 
varnish  to  dry  hard;  some  found  that  all  dried  in  8  to  12  hours, 
others  reported  12  hours,  24  hours,  and  54  hours.  Three  experi- 
menters reported  the  same  drjring  for  all  the  varnishes. 

Three  reported  a  difference  in  gloss;  one,  that  the  varnish  thinned 
with  the  destructively  distilled  turpentine  (No.  4)  had  the  best  gloss; 
another,  that  the  gum  was  superior  to  the  wood  turpentine,  and  the 
third,  that  all  the  wood-turpentine- thinned  and  one  gum- thinned 
varnish  showed  tears. 

All  observers  detected  the  wood  turpentine  by  the  odor,  and  found 
the  varnishes  thinned  with  them  objectionable  because  of  this. 

Only  one  observer  raised  any  other  objection  to  the  varnishes; 
this  one  found  the  wood  turpentine  varnishes  Ught  in  body. 

Only  one  observer  found  any  difficulty  in  working  the  varnishes; 

in  this  case  the  gum  turpentine  and  the  destructively  distilled  wood 

turpentine  (No.  4)  having  the  least  residue  were  found  objectionable. 

In  rubbing,  one  observer  found  all  unsatisfactory;   two  found  all 

satisfactory,  and  the  others  did  not  report  specifically. 

As  to  behavior  under  the  brush,  the  results  do  not  lead  to  any  con^ 
elusion,  as  different  observers  express  contradictory  opinions  as  to 
the  behavior  of  the  same  varnish.  This  is  a  working  condition, 
however,  which  probably  has  but  little  to  do  with  the  nature  of  the 
varnish.  Two  observers  find  one  of  the  gum -turpentine  varnishes 
rather  heavy  in  body;  one  finds  the  wood-turpentine  varnishes  thin 
and  light  in  body;  one  finds  that  the  varnish  thinned  with  the 
destructively  distilled  turpentine  (No.  3)  loses  luster,  that  all  of  them 
are  silky  in  appearance,  and  that  the  one  thinned  with  the  destruc- 


Digitized  by 


Google 


40  WOOD  TURPENTINE. 

lively  distilled  turpentine  (No.  4)  leaving  the  least  residue  is  the  best 
Another  observer  finds  in  striping  that  one  destructively  distilled 
turpentine  (No.  3)  works  like  regular  turpentine,  while  the  steam- 
distilled  (No.  1)  and  the  destructively  distilled  turpentine  leaving 
the  largest  residue  (No.  4)  crack  and  crawl  apart.  This  observation 
does  not  appear  to  have  been  made  by  the  other  experimenters  and 
would  seem  to  be  connected  in  some  way  with  the  pigment  present 
in  the  material  used  by  this  experimenter.  It  wijl  be  noted  that 
these  are  the  samples  that  contain  large  percentages  of  heavy  oils 
not  distilling  below  170^  C. 

PIANO-RUBBING   VARNISHES. 

One  experimenter  did  not  thin  the  varnishes,  one  thinned  one  gimi- 
turpentine  varnish  only,  three  thinned  all  varnishes  alike,  and  two 
used  different  quantities  of  turpentine  in  thinning  the  varnishes. 

In  some  instances  the  varnishes  thinned  with  the  wood  turpentine 
remained  tacky  longer  than  the  varnishes  thinned  with  gum  spirits; 
in  others  the  reverse  was  true.  In  no  case  did  the  thinning  agree 
with  the  viscosity  tests  of  the  varnishes.  The  time  of  drying  varied 
but  seemed  to  bear  no  relation  to  the  kind  of  turpentine  used  in  the 
varnish  or  to  the  viscosity  of  the  original  varnishes.  In  some 
instances  the  wood  turpentines  were  much  slower  than  the  gum 
turpentines,  while  in  others  there  was  reported  no  practical  difference 
in  this  respect. 

With  regard  to  luster,  three  found  some  difference  among  the  var- 
nishes. One  reported  that  the  steam-distilled  wood  turpentine 
(No.  2)  had  the  best  luster,  the  destructively  distilled  (No.  3)  being 
second  best.  Another  found  one  gum  and  one  wood  turpentine- 
thinned  varnish  had  medium  gloss,  and  one  gum  and  one  wood 
turpentine-thinned  varnish  had  fair  gloss.  The  other  observers 
distinguished  no  difference  in  this  particular.  One  found  that  the 
steam-distilled  turpentine  (No.  2)  gave  the  best  gloss,  while  one 
gum  (No.  1 )  and  one  destructively  distilled  product  (No.  3)  showed 
tears. 

Two  found  the  odor  of  all  the  wood  turpentine  objectionable;  one 
found  the  steam-distilled  (No.  2)  and  one  destructively  distilled 
(No.  4)  objectionable.  One  found  both  destructively  distilled  sam- 
ples objectionable,  while  another  said  that  the  No.  1  gum-turpentine 
varnish  had  the  odor  of  naphtha. 

No  difference  was  detected  in  working  qualities,  except  that  one 
observer  found  that  the  varnishes  thinned  with  the  destructively  dis- 
tilled turpentine  (No.  3)  worked  unsatisfactorily. 

All  rubbed  down  well,  one  observer  reporting  in  favor  of  the  gum 
spirits.  Three  observers  found  no  difference  in  behavior  under  the 
brush,  while  two  others  found  some  difference.     One  reports  sweating. 
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As  to  body,  there  appears  to  be  no  difference  that  can  be  correlated 
with  the  turpentine  used.  One  firm  expresses  the  opinion  that  all 
the  Tarnishes  rub  better  than  the  varnish  they  regularly  use;  another, 
that  only  time  and  exposure  make  it  possible  to  determine  accurately 
the  value  of  the  varnishes;  another,  that  they  find  it  very  difficult 
to  form  an  opinion  on  the  merits  of  the  varnishes.  The  wood  turpen- 
tines are  said  to  contain  very  strong  elements  of  resinous  spirits,  from 
which  the  best  results  can  not  be  obtained. 

PIANO-FINISHINO   VARNISHES. 

One  experimenter  thinned  both  gum  turpentine  varnishes  and 
that  made  with  steam-distilled  turpentine  (No.  2) ;  another  thinned 
only  one  gum  spirits  sample.  Two  observers  did  not  thin  the  var- 
nidies,  and  two  thinned  all  alike.  In  no  case  was  the  thinning  done 
in  the  order  of  the  viscosity  of  the  several  varnishes. 

The  varnishes  remained  tacky  for  from  4  to  55  hours,  but  there 
was  no  relation  between  this  condition  and  the  viscosity  of  the  var- 
nishes or  the  distillation  tests  of  the  turpentines. 

The  data  do  not  indicate  that  there  is  any  difference  in  the  time 
required  to  dry  hard.  No  difference  in  gloss  was  reported,  except 
in  one  instance  a  gum  turpentine  varnish  is  stated  to  have  the  poorest 
gloss.    One  observer  finds  tears  in  Nos.  1  and  3. 

In  one  case  the  odor  of  the  destructively  distilled,  soda-refined 
sample  was  reported  as  objectionable;  another  objected  to  the  odor  of 
both  destructively  distilled  samples  Nos.  3  and  4,  and  a  third  observer 
detected  all  the  wood  turpentines,  and  stated  that  both  of  the  gum 
spirits  varnishes  had  an  old  fatty  oil  odor.  The  odor  of  the  steam 
distilled  and  one  gum  turpentine  was  found  objectionable  in  one  case 
and  in  another  both  destructively  distilled  samples  were  so  reported. 

Only  one  observer  found  any  difficulty  in  working  the  samples, 
the  destructively  distilled  wood  turpentines  being  difficult  to  handle. 

None  of  the  varnishes  was  found  satisfactory  in  polishing,  except 
by  two  observers. 

Two  observers  found  that  all  of  the  varnishes  flowed  freely  from 
the  brush;  one  that  there  was  some  difference.  One  observer  foimd 
ail  the  varnishes  unsatisfactory,  as  they  did  not  flow  out  well.  The 
one  thinned  with  gum  spirits  (No.  1)  was  best,  the  varnish  thinned 
with  destructively  distilled  turpentine  (No.  3)  was  rated  second, 
while  the  steam  distilled  (No.  2),  the  other  destructively  distilled 
(No.  4),  and  the  other  gum  spirits  (No.  5)  varnishes  were  found  to  be 
poor.  No  choice  could  be  made  between  the  samples.  The  same 
observer  remarks  that  in  his  opinion  all  these  varnishes  were  pre- 
pared and  thinned  with  turpentine  substitutes.  Another  observer 
found  all  the  varnishes  unsatisfactory  as  polishing  varnishes,  the 
two  destructively  distilled  samples  being  the  worst.    Another  ob- 
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server  finds  the  samples  from  fair  to  good  in  all  respects,  with  those 
thinned  with  gum  spirits  the  best  in  every  respect. 

All  but  one  of  the  experimenters  recognized  that  No.  1  coach  var- 
nish was  the  most  viscous,  and  thinned  it  more  than  they  did  the 
other  coach  varnishes.  One  also  thinned  No.  5,  which  was  the  next 
most  viscous  varnish.  None  of  the  experimenters  was  able  to 
detect  working  differences  in  the  consistencies  of  the  other  samples 
of  coach  varnish.  Three  experimenters  apparently  attempted  to 
thin  the  piano  rubbing  varnishes  to  approximately  the  same  con- 
sistency; only  one,  however,  approached  the  order  indicated  by  the 
viscosity  determination.  Considering  the  results  as  a  whole,  it  is 
not  possible  to  state  that  any  of  these  varnishes  behaved  materially 
differently  from  the  others  either  in  drying  or  under  the  brush.  The 
observations  of  two  experimenters  are  in  harmony  with  the  viscosity 
tests,  but  those  of  the  others  are  not.  Where  a  difference  in  luster 
was  observed  the  wood  turpentines  were  best. 

None  of  the  experimenters  thinned  the  piano  flowing  varnishes  in 
the  order  indicated  by  their  viscosities.  On  these  varnishes  also  the 
data  do  not  warrant  any  conclusion  as  to  the  differences  in  their 
behavior  on  application,  and  no  practical  difference  in  gloss  was 
observed.  These,  being  flowing  varnishes,  were  not  intended  to  be 
rubbed,  but  all  of  the  experimenters,  through  misunderstanding, 
rubbed  the  panels,  usually  with  very  unsatisfactory  results. 

In  making  a  careful  study  of  the  mass  of  data  obtained  in  this  work 
one  is  at  once  impressed  with  the  many  different  ways  in  which  these 
varnishes  were  handled  from  the  thinning  to  the  finishing  touches, 
and  by  the  seemingly  contradictory  opinions  which  are  drawn  regard- 
ing them.  There  is  no  one  point  on  which  a  decided  majority  agree 
except  as  to  odor,  and  even  here  some  do  not  object  to  the  wood  tur- 
pentines, while  others  complain  of  the  gum  spirits.  So  at  variance 
are  the  reports  that  the  conclusion  is  almost  forced  upon  one  that  a 
workman's  opinion  of  a  varnish  is  largely  influenced  by  whether  or 
not  it  may  be  manipulated  as  he  is  used  to  handling  varnishes  under 
his  working  conditions.  Other  factors  influencing  the  quaUty  of 
varnish  do  not  enter  here  because  these  samples  are  identical  except 
as  to  the  character  and  amoimt  of  thinner  used.  The  above  conclu- 
sion is  not  only  supported  by  the  contradictory  reports,  but  also  by  the 
statements  made  by  some  that  none  of  the  varnishes  was  satisfactory. 

It  is  rather  surprising  that  no  marked  differences  between  the  indi- 
vidual samples  of  the  same  class  are  definitely  indicated  in  the 
reports  of  tiie  several  workmen.  The  determined  viscosities  of  the 
several  varnishes  of  a  class  indicate  the  order  in  which  they  should  be 
thinned  to  bring  them  to  the  same  consistency,  or  make  them  flow 
alike.  The  turpentines  employed  differed  greatly,  however,  in 
their  drying  properties.     The  analyses  indicate  that  Nos.  1  and  3 


Digitized  by 


Google 


VARNISH  AND  PAINT  EXPEKIMENTS.  43 

were  quick-drying  turpentines,  while  Nos.  2  and  4  were  slow  drying. 
In  general,  therefore,  more  of  turpentines  Nos.  2  and  4  would  be 
required  to  thin  a  varnish  to  a  desired  consistency  than  of  Nos.  1  and 
3,  but  the  resulting  varnish  should  be  slower  in  drying.  It  will  be 
observed  as  a  matter  of  fact  that  No.  4  varnish,  in  which  destruc- 
tively distilled  turpentine  was  used,  is  the  thinnest  varnish  of  all 
and  it  was  unnecessary  to  thin  it  further. 

On  the  whole,  no  definite  conclusion  can  be  drawn  from  the  data 
obtained  by  the  experimenters  on  the  handling  and  working  of  the 
varnishes.  This  is  not  a  criticism  of  those  who  at  considerable  pains 
and  inconvenience  cooperated  in  the  work.  The  unsatisfactory 
character  of  the  data  arose  in  part  through  the  difficulty  of  explaining 
clearly  in  written  directions  exactly  what  experiments  and  what 
information  were  desired.  Had  it  been  feasible  for  a  representative 
of  the  bureau  to  talk  with  and  assist  those  actually  doing  the  work, 
more  valuable  information  could  doubtless  have  been  obtained. 
Of  course  the  data  could  only  be  of  value  in  determining  the  relative 
working  quaUties  of  the  varnish  thinned  with  the  different  turpen- 
tines; but  Uttle  information  as  to  the  appearance  and  durabiUty  of 
the  varnish  was  obtained.  Opinions  on  this  point  must  be  based 
on  a  later  careful  examination  and  study  of  the  finished  panels. 
These  panels  were  prepared  four  years  ago.  Since  that  time  they 
have  been  exposed  in  one  of  the  office  rooms  of  the  bureau  for  from 
12  to  18  months,  and  during  the  rest  of  the  time  have  been  stored, 
protected  from  dirt  and  light.  None  has  been  exposed  to  the  weather 
at  any  time. 

Careful  examination  of  these  panels  by  a  number  of  persons,  includ- 
ing master  painters  and  others  familiar  with  the  use  of  varnishes, 
discloses  no  marked  deterioration  of  any  of  the  coats  nor  any  clear- 
cut  difference  between  the  appearance  of  the  several  varnishes  of  the 
same  class,  except  that  as  a  rule  the  varnish  which  the  workman 
was  in  the  habit  of  using  r^ularly  looked  a  little  better  than  the 
others.  This  fact  confirms  the  statement  previously  made  that  the 
familiarity  of  the  workman  with  the  varnish  influences  the  success 
of  his  work,  and,  consequently,  his  opinion  of  the  varnish. 

In  addition  to  these  experiments  the  same  turpentines  were 
employed  in  thinning  a  white  lead  and  linseed  oil  paint.  No  differ- 
ence was  observed  in  the  working  of  the  paint,  and  after  drying  all 
painted  panels  presented  the  same  appearance.  There  was  no 
difference  in  the  color  of  the  paneb  after  one  year.  The  interior  wood- 
work of  the  new  building  of  the  Bureau  of  Chemistry  was  painted 
with  2anc  oxid  and  linseed  oil  thinned  with  other  steam  and  destruc- 
tively distilled  turpentines.  The  workmen  stated  that  the  odor, 
particularly  of  the  destructively  distilled  samples,  was  unpleasant, 
but  it  did  not  seriously  inconvenience  them  or  make  them  ill.    Both 
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turpentines  (also  a  light  pine  oil)  behaved  weU  under  the  brush  and 
no  objectionable  features  in  working  other  than  the  odor  were 
observed.  After  18  months  there  is  no  apparent  difference  in  the 
paint  thinned  with  the  different  turpentines. 

About  five  barrels  of  refined  wood  turpentine,  which  had  been 
obtained  in  the  refining  experiments,  and  of  which  approximately  75 
per  cent  distilled  below  170®  C.  were  turned  over  to  the  painter  of 
the  department  and  used  by  him  on  all  classes  of  paint  and  varnish 
work  from  ordinary  house  painting  to  high-class  furniture  varnishing. 
No  inferiority  in  the  finished  work  or  in  behavior  in  applying  was 
observed  by  the  master  painter.  Only  one  workman  made  com- 
plaint regarding  this  material,  claiming  that  it  made  him  ill.  The 
statement  was  not  investigated. 

COMHEBCIAL  OPINIONS  AS  TO  THE  VALX7E  OF  WOOD  TXJBPENTINE.^ 

Before  entering  upon  the  research  work  on  this  subject  the  opinions 
of  those  having  occasion  to  use  turpentines  in  Targe  quantities  was 
asked  as  to  the  value  of  wood  turpentine  as  compared  with  gum 
spirits. 

OPINIONS   OF    WOOD   TURPENTINE    PRODUCERS. 

Cheraw  Naval  Stores  Co.  (Inc.),  Cheraw,  S.  C:  Our  product  is  used  laigely  by  paint 
men  in  the  South,  *  *  *  who  claim  that  it  is  better  paint  spirits  than  Uie  old- 
process  turpentine. 

F.  L.  Huggins,  Wilmington^  N.  C:  Wood  turpentine  dries  better  than  ordinary 
turpentine.    ♦    *    *    The  only  difference  is  in  the  odor. 

Morris  Wesloshy,  Albany,  Ga.:  Its  solvent  i)ower  is  as  great,  it  dries  quicker,  and 
varnish  made  from  it  is  no  more  difficult  to  work  than  that  made  from  ordinary  tur- 
pentine, but  is  more  liable  to  check.  Painters  object  to  the  odor  and  state  that  the 
acid  that  seems  to  be  left  in  it  hurts  their  eyes.    Consumers  object  only  to  the  odor. 

Weed  Distilling  6c  Manufacturing  Co.,  New  York:  We  have  heard  no  objection  to 
our  products  which  are  taken  by  the  trade  at  the  market  rates.  The  oils  for  vamidi 
work  are  more  readily  sold  every  day. 

Chesterfield  Naval  Stores  Co.,  Cheraw,  S.  C:  No  objection  has  been  raised  to  the 
material. 

Tyler  Lumber  Co.,  New  York:  We  find  that  the  solvent  property  of  wood  turpentine 
by  die  steam  process  is  greater  than  that  of  gum  turpentine.  It  will  not  dry  as  quickly 
as  gum,  taking  about  two  hours  longer.  It  has  been  claimed  that  for  carriage  varnish, 
etc.,  the  varnish  is  not  so  flexible  as  when  gum  spirits  are  used.  The  only  complaint 
of  any  moment  is  made  by  painters  and  other  consumers  on  account  of  the  odor  which 
is  objectionable  for  interior  work  where  the  building  is  closed. 

Pensacola  Tar  dc  Turpentine  Co.,  Pensacola,  Fla.:  The  solvent  power  of  wood  tur- 
pentine is  the  same  as  the  old  fashioned  article.  It  dries  as  well,  and  there  is  no  differ- 
ence in  its  working  qualities.  The  only  objection  is  that  the  odor  is  unpleasant.  Its 
power  of  absorbing  oxygen  seems  to  be  equal  to  any  turpentine. 

Naval  Stores  Supply  Co.,  Biscoe,  N.  C:  We  have  been  selling  practically  our  entire 
output  to  users  of  paints,  and  we  suppose  that  this  turpentine  was  used  exactly  as  the 

-  1  These  statements  are  not  in  all  oases  quotations  but  are  condensed  from  ootrespondenoe.  The 
Bureau  of  Chemistry  is  not  in  any  way  responsible  for  these  opinions. 
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tiirpentme  made  by  the  old  process.    The  only  objection  that  we  have  heard  is  with 
regard  to  the  odor. 

SpiriUine  Chemical  Co.y  WUndngtoriy  N.  C:  The  solvent  power  is  the  same.  It 
dries  as  well  and  there  is  no  more  liability  for  varnishes  thinned  with  it  to  check  than 
those  made  with  gum  spirits.  There  is  a  difference  in  odor,  a  slight  difference  in 
color,  but  neitiier  enough  to  injure  its  usefulness.  We  have  as  customers  for  this 
IHoduct  many  <^  the  leading  paint  and  varnish  manufacturers  and  they  have  been  buy- 
ing to  their  complete  satisfaction  for  many  years. 

OPINIONS   OF   PAINT   AND   VABNiSH   MAKERS. 

Murphy  Varnish  Co.,  Newark,  N.  J.:  Our  tests  of  this  material  have  shown  that  it  is 
not  80  well  adapted  to  varnish-making  purposes  as  pure  spirits  of  turpentine.  It  is 
objectionable  on  accoimt  of  the  odor  and  also  because  less  of  it  is  required  in  the  manu- 
facture of  gum  varnishes  than  the  pure  spirits  of  turpentine.  As  turpentine  is  the 
cheapest  ingredient  it  is  obvious  that  the  cost  of  such  varnishes  is  increased  by  its  use. 

The  GHdden  Varnish  Co.,  CUveUmd,  Ohio:  We  are  experimenting  with  wood  tur- 
pentine continually,  but  up  to  the  present  time  have  been  imable  to  find  any  product 
that  was  entirely  satisfactory  in  odor.  The  proper  deodorization  of  wood  turpentine 
would  no  doubt  make  this  product  as  valuable  as  pure  gum  spirits.  In  all  of  our 
experiments  with  a  high-grade  wood  turpentine  we  find  that  the  working  properties 
of  same  are  equal  to  those  of  gum  spirits,  but  wood  turpentine  gives  varnish  or  paint 
a  very  pungent  odor  which  is  very  disagreeable  to  the  user. 

Harrison  Bros,  ds  Co.  (Inc.),  Pkiladelphia,  Pa.:  Properly  distilled  wood  turpentine  free 
from  pyroligneous  impurities  has  equal  or  better  solvent  properties  than  gum  spirits. 
It  dries  as  well,  but  possibly  a  little  slower.  Varnish  made  with  it  is  in  no  way  inferiw 
to  one  made  with  gum  spirits  so  far  as  waking  and  physical  properties  are  concerned. 
The  principal  objections  raised  by  painters  and  consumers  are  the  odor  and  irritating 
action  of  the  vapors  upon  the  eyes,  while  some  painters  claim  that  it  also  produces 


Chicago  Wood  Finishing  Co.,  Chicago,  III.:  The  solvent  power  of  wood  turpentine  is 
equivalent  in  every  way  to  gum  spirits.  In  drying  it  is  not  so  much  slower  than  there 
would  be  any  great  disadvantage.  Mixed  with  varnishes  we  find  that  it  is  equivalent 
to  gum  q>irit8  when  mixed  in  any  quantity  of  almost  any  kind  of  varnish  in  which  a 
gum  spirit  would  be  used.  It  does  not  differ,  as  far  as  we  have  seen,  in  working 
qualities  from  gum  spirits.  The  principal  objection  is  its  extremely  pungent  odor 
which,  to  most  people,  is  very  disagreeable,  and  in  some  cases  causes  violent  head- 
aches.   Because  of  this  odor  we  prefer  the  gum  spirits. 

Longman  A  Martinez,  New  York  City:  The  best  quality  of  wood  turpentine  evap(Nr- 
atee  much  slower  than  gum  turpentine,  and  were  it  not  for  the  odor  of  wood  turpentine 
it  would  im>bably  be  as  well  suited  for  use,  to  as  large  an  extent,  in  paints  as  is  gum 
turpentine.  Neither  is  of  any  value  whatever  in  respect  to  furnishing  durability  to 
paint.  The  odor  of  even  a  good  quality  of  wood  turpentine  is  not  so  often  an  objection- 
able feature. 

Atlantic  Drier  &  Varnish  Co.,  Philadelphia,  Pa.:  The  solvent  power  is  equal.  It 
dries  as  well  and  does  not  differ  in  manipulation  from  ordinary  turpentine.  It  does 
not  make  an  inferior  varnish,  and  paint  or  varnishes  made  with  it  do  not  differ  per- 
ceptibly in  covering  power  from  ordinary  turpentine.  Painters,  consumers,  and 
workmen  all  agree  in  objecting  seriously  to  the  strong  odor  and  to  its  bad  effects  on 
the  eyes.  It  is  very  much  more  offensive  in  every  way  than  ordinary  turpentine. 
We  have  found  such  serious  objections  because  of  die  odor  that  we  have  abandoned 
the  use  of  the  material  entirely. 

Boston  Varnish  Co.,  Boston,  Mass.:  We  have  not  gone  into  the  flexibility  or  life  of 
wood  turpentine,  but  in  our  opinion  from  what  we  have  used  it  is  equally  as  good  as 
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regular  turpentine.  In  our  opinion  a  varnish  reduced  with  it  would  produce  a 
product  that  would  be  abaolutely  impossible  for  any  paints  to  use  in  any  quantity 
in  a  close  room.  The  principal  objection  to  it  for  medium  and  high-grade  vamiflheB 
is  its  odor.  The  above  remarks  apply  only  to  the  pure,  properly  made,  and  weSh 
refined  article. 

C.  A,  WiUeyj  New  York  City:  From  careful  experiments  in  a  practical  way  I  am 
fully  convinced  that  it  will  do  everything  that  an  ordinary  turpentine  will  do,  but 
the  trouble  is  with  its  odor,  of  which  the  painters  immediately  complain  so  that  we 
were  obliged  to  discontinue  its  use  on  this  account.  Recently  there  is  much  improve- 
ment in  the  odor  of  some  samples. 

Charles  H.  Howell  A  Co.j  Philaddpkia,  Pa.:  From  some  little  experience  we  have 
come  to  the  conclusion  that  barring  the  smell,  the  dark  color  of  that  which  has  aim^^y 
been  distilled,  it  is  a  good  product,  answering  all  purposes  of  gum  turpentine,  with 
only  the  objectionable  odor  against  it.  Our  experience  with  the  clear  white  article 
which  we  think  is  produced  by  treating  with  caustic  is  that  it  is  utterly  worthless, 
being  very  detrimental  to  paint,  and  especially  to  oil  paint.  Such  treatment  takes 
the  greater  part  of  the  oil  out  and  leaves  an  article  no  better  than  benzine.  It  con- 
tains a  strong  alkali  which  forms  a  soap  of  the  oils  in  paints,  and  kills  their  durability. 

StOTidard  VamUh  Works y  New  Yorh,  N.  Y,:  For  our  requirements  we  find  this 
article  to  answer  the  same  purposes  as  spirits  of  turpentine,  the  only  noticeable  differ- 
ence being  the  odor,  to  which  the  trade  seriously  objects. 

Berry  Bros.  (Ltd.)y  Detroit^  Mich.:  We  do  not  and  never  have  considered  distilled 
turpentine  as  being  equal  in  any  respect  to  old  process  goods. 

Emil  Ccdman  A  Co.,  New  York,  N.  Y:  We  find  that  for  many  purposes  it  will 
replace  the  gum  article.  Its  solvent  power  appears  to  be  about  the  same  and  when 
properly  manufactured  it  will  dry  as  well  as  ordinary  turpentine.  W^e  do  not  find 
any  material  difference  in  working  qualities.  There  is  objection  from  buyers  of 
materials  to  the  odor,  which  is  stronger  than  that  of  gum  turpentine.  Tliese  remarks 
apply  only  to  properly  manufactured  wood  turpentine. 

Boykin  Manufacturing  Co.  (Inc.),  CheraWy  S.  C:  We  have  been  marketing  wood 
turpentine  to  the  paint,  furniture,  and  buggy  manufacturers  with  success.  We  rarely 
have  a  kick  on  account  of  quality,  and  this  class  of  trade  claims  that  the  wood  turpen- 
tine does  their  work  as  well  as  the  old  process  turpentine  does. 

The  Institute  of  Industrial  Researchy  Waskington,  D.  C:  The  solvent  power  of  wood 
turpentine  is  high  and  is  probably  not  less  than  that  of  gum  spirits  of  the  same  specific 
gravity.  When  property  prepared  and  purified,  it  dries  as  well  as  gum  spirits.  From 
this  point  of  view  it  is  therefore  a  good  varnish  material  and  is  said  to  work  free  and 
exhibit  good  covering  power.  The  principal  objections  to  wood  turpentine  are  made 
on  accoimt  of  its  unpleasant  odor  and  lack  of  uniformity.  It  contains,  if  improperly 
purified,  certain  *  *  *  products  which  are  said  to  have  a  bad  effect  upon  the 
kidneys  of  workmen  who  have  to  handle  it.  These  properties  when  present  also  make 
it  unfit  for  interior  application. 

John  Lucas  &  Co.y  Philadelphia y  Pa.:  Perhaps  definite  or  practical  information  on 
the  subject  of  the  commercial  value  of  this  product  in  comparison  with  the  gum  tur- 
pentine is  not  of  a  very  reliable  character.  Experiments  made  or  experience  gained 
may  not  have  been  such  as  to  fully  determine  the  point.  We  have  heard  that  varnish 
made  from  a  wood  product  would,  when  applied  over  a  varnish  made  from  gum  spirits, 
on  account  of  its  higher  solvent  nature,  dissolve  the  suriace  of  the  previous  coats  and 
render  the  rubbing  down  almost  impossible.  In  drying  we  have  not  noticed  any 
particidar  difference.  It  has  been  our  experience  that  a  good  grade  of  wood  turpentine 
is  equal  in  every  respect  to  the  gum  spirits.  A  varnish  properly  made  with  wood 
turpentine  of  a  satisfactory  grade  has  just  as  good  rubbing  qualities  as  the  gum-spirits 
varnish.    The  principal  objection  is  its  odor. 
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Jckn  W.  Maswry  6e  Son,  New  York  City:  Aside  from  its  objectionable  odor  there 
eeems  to  be  no  reason  why  wood  turpentine  should  not  be  used  in  paint  as  well  as  the 
gum  turpentine.  In  the  ripening  or  aging  of  varnish  turpentine  as  well  as  linseed 
oil  it  absorbs  some  oxygen,  ♦  *  *  whereby  the  valuable  properties  of  the  varnish 
increase.  *  *  *  Here  no  solvent  which  does  not  have  the  capacity  of  such  change 
can  replace  turpentine,  but  so  far  as  we  have  been  able  to  observe  there  is  no  great 
difiference  between  wood  and  gum  turpentine.  We  believe,  therefore,  that  its  pun- 
gent characteristic  odor  is  the  main  obstacle  to  its  universal  substitution  for  the  genuine 
in  paints  and  varnishes. 

As  a  problem  apart  by  itself,  however  small  may  be  the  demonstrable  scientific 
difference  between  wood  and  gum  spirits,  the  omservative  varnish  maker  will  prefer 
the  gum  spirits.  This  very  natural  prejudice  arises  from  his  consciousness  of  unknown 
diemical  relations  in  a  process  which  for  some  time  to  come  must  remain  largely 
onpirical,  and  as  his  good  reputation  rests  largely  upon  results  so  achieved  he  does 
not  willingly  take  chances  for  the  fraction  of  1  per  cent  gain  which  the  difierence 
in  price  between  the  two  turpentines  has  heretofore  offered. 

So  far  as  paint  is  concerned  the  situation  is  clearer.  Here  turpentine  is  a  volatile 
thinner,  used  to  obtain  a  practical  brushing  consistency  where  it  is  desirable  to  keep 
the  ratio  of  oil  to  pigment  low. 

Sherwin-Williams  Co.,  Netoarhy  N.  J.:  Our  exi)erience  with  the  material  is  limited, 
but  80  ^  as  we  know  the  solvent  power  is  not  materiaUy  different.  Careful  tests 
have  satisfied  ub  that  so-called  wood  turpentine  does  not  dry  as  well  as  the  gum  spirita, 
but  has  a  definite  retarding  action.  In  some  instances  this  would  not  be  objection- 
able; in  others  it  would.  So  far  as  we  know  there  is  no  other  difference  in  varnish 
thinned  with  it  nor  in  the  manipulation  or  covering  power  of  such  paint  and  varnishes. 
We  see  no  reason  why  the  properly  worked  out  process  material  ^ould  not  be  equal 
to  ordinary  turx>entine. 

F.  W,  Devoe  ds  C.  T.  Raynolde  Co,,  New  York,  N,  Y,:  The  samples  which  we  have 
examined  have  varied  considerably,  both  in  chemical  and  physical  constitution. 
Some  of  them  seemingly  do  contain  a  small  proportion  of  the  real  turpeiitine,  but  most 
of  them  contain  notliing  other  than  what  is  probably  known  as  pinene  as  distinguished 
from  the  terpenes  of  turpentine.  For  all  practical  purposes  I  believe  that  the  solvent 
properties  of  the  better  grade  would  compare  favorably  with  that  of  regular  turpen- 
tme.  Some  of  the  better-made  samples  will  evaporate  with  as  little  residue.  The 
oovering  power  of  a  paint  or  varnish  made  with  wood  turpentine  ^ould  not  differ 
in  any  way  as  far  as  I  can  see  from  that  made  with  ordinary  turpentine.  The  odor 
of  the  wood  turpentine  is  so  persistent  that  it  can  not  be  diflguised.  This  odor  is  so 
disagreeable  that  we  find  painters  and  vamishers  object  to  a  varnish  made  with  wood 
turpentine  for  the  reason  that  it  affects  their  eyes  and  also  their  throats,  especially 
where  the  vamiah  is  used  in  the  interior  of  buildings  where  there  is  no  draft  to  take 
away  these  odors. 

PaUon  Paint  Co.,  Milwaukee,  Wis.:  Considered  as  a  paint  thinner  only,  we  believe 
a  properly  made  wood  turpentine  is  to  all  practical  purposes  just  as  good  a  thinner  as 
gum  turpentine.  The  principal  objection  that  has  been  urged  in  the  past  against  its 
use  is  that  of  its  somewhat  offensive  and  irritating  odor.  In  the  case  of  products  of 
inore  recent  refining  processes  these  objections  have  been  very  largely  if  not  wholly 
overcome;  certainly  reduced  to  such  an  extent  that  when  present  in  the  percentage 
found  in  ordinary  paints  no  impleasant  results  need  be  expected. 

With  regard  to  its  utility  as  a  varnish  thinner  we  are  not  prepared  to  state  as  to 
whether  in  our  opinion  it  would  be  safe  to  substitute  wood  products  for  gum  turpen- 
tine on  account  of  the  turpentine  being  present  in  much  greater  quantities  than  in 
an  ordinary  paint  The  objections  previously  urged  are  correspondingly  more  appar- 
ent. Moreover,  any  nonvolatile  residue  that  might  be  contained  in  the  wood  tur- 
pentine would  prejudice  its  use  to  a  greater  extent  than  in  paint.  When  we  refer  to 
nonvolatile  residue  we  consider  the  temperature  at  or  about  70**. 
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National  Painty  Oil  and  Varnish  A$sociation,  New  York  City:  The  solvent  power  of 
wood  turpentine  is  not  lees  than  that  of  gum  spirits.  If  the  gravity  is  the  same  it 
dries  the  same.  It  makes  just  as  good  varnish,  it  works  just  as  free,  its  covering  power 
is  the  same.  The  objections  are  purely  a  question  of  odor  and  uniformity.  If  it  were 
made  of  uniform  quality  free  from  oil  and  poisonous  acids  it  would  be  simply  a  question 
of  educating  the  public  to  a  different  odor. 

The  Booth  <fe  Law  Varnish  Co.^  New  Haven,  Conn.:  Wood  tiurpentine  has  a  decided 
value  as  a  paint  and  varnish  thinner  and  works  as  well  as  the  gum  turpentine  in  most 
cases.  The  principal  objection  to  it  in  paint  is  the  odor.  To-day  it  is  more  uniform 
than  formerly,  almost  equal  to  the  best  gum  turpentine,  and  will  answer  as  well  in 
results. 

OPINIONS   OF   USERS   OF   PAINTS    AND   VARNISHES. 

Arnold  Print  Works,  North  Adams,  Mass.:  We  have  used  wood  turpentine  in  ordi- 
nary painting  and  find  it  gives  entire  satisfaction.  It  is  much  better  for  this  work 
than  many  of  the  adulterated  turpentines. 

Magnus,  Mabee  dc  Reynard  (Inc.),  New  York  City:  We  find  that  wood  turpentine  in 
a  nimiber  of  instances  will  dissolve  varnish  gums  at  a  lower  temperatiu^,  and  dries 
fully  as  well  as  the  regular  gum  spirits  of  commerce.  We  have  sold  this  product  in 
carload  lots  to  several  large  varnish  manufacturers,  who  report  to  us  that  the  results 
in  using  same  are  entirely  satisfactory  for  the  same  uses  that  they  have  heretofore 
employed  gum  spirits  of  turpentine.  When  we  first  handled  this  product  we  occasion- 
ally had  a  few  complaints  because  of  its  strong  odor,  but  of  late  we  have  had  no  com- 
plaints at  all,  as  our  manufacturers  are  producing  spirits  of  turpentine  without  the 
objectionable  odor  heretofore  noted.  We  might  add  that  there  are  various  grades  of 
wood  tiu^ntine,  as  the  process  of  distilling  same  varies  among  different  manufacturers. 
For  instance,  some  use  direct  heat  in  the  retort  process,  some  use  steam  distillation, 
while  others  use  a  rosin  bath.  The  last-mentioned  process  we  consider  produces  the 
best  product.  .  Our  customers  are  principally  among  the  paint  dealers  and  manufac- 
turers of  varnishes.  -«» 

John  A.  Casey,  New  York  City:  The  steam  turpentine  has  a  nice,  sweet  wood  odor, 
and  finds  a  more  ready  sale  than  the  wood-destructive  turpentine.  It  is  our  opinion, 
however,  that  as  a  solvent  and  drier  the  wood-destructive  turpentine  is  to  be  preferred. 
We  are  still  of  the  opinion  that  the  wood  turpentine  will  never  really  take  the  place  of 
turpentine  manufactured  from  the  gum. 

A  good  many  varnish  manufacturers  are  using,  however,  wood  turpentine  in  con- 
nection with  gum  turpentine  in  large  quantities,  partictilarly  within  the  last  two  or 
three  years,  as  the  price  of  turpentine  manufactured  from  the  gum  is  higher  at  the 
present  moment  than  it  has  been  any  time  since  the  Civil  War.    »    ♦    » 

Of  course  we  refer  only  to  first-class  goods  and  not  to  inferior  goods.  It  seems  thii 
every  wood-destructive  plant  makes  a  different  article.  When  one  process  and  only 
one  will  be  employed  and  a  imiform  article  can  be  put  on  this  market,  it  will  become  a 
marketable  article  and  of  staple  value. 

Hartsville  Furniture  Co.,  Hartsville,  S.  C:  Have  used  a  wood  turpentine  made  by 
the  destructive  process,  but  abandoned  it  at  once,  as  it  made  the  eyes  smart  and  bura* ; 
Odor  not  so  objectionable.  | 

W.  W.  Hines  dc  Co.,  Petersburg,  Va.:  Can  not  sell  on  account  of  odor,  particularly  »*  j 
present  prices  of  gum  turpentine  (40  to  50  cents  per  gallon).  j 

Hartsville  Supply  Co,,  Hartsville,  S.  C:  Do  not  have  any  difilculty  in  selling  » 
destructive  turpentine  for  painting  purposes  at  80  cents  a  gallon  when  gum  spirits  ar® 
90  cents  and  $1. 

Tanner  Paint  dc  OH  Co.,  Richmond,  Va.:  We  have  tried  to  introduce  same  Ib  * 
number  of  instances,  but  the  average  workman  will  not  work  same.  In  closely  coo' 
fined  places,  such  as  boat  bottoms,  inside  of  locomotive  tanks  sudi  as  used  on  tendeist 
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HisimpoBBible  for  painterB  to  use  the  wood  turpentiiie  on  thia  class  of  work,  as  the  odor 
irom  same  is  very  nauseating  in  a  closed  place  where  there  is  no  circulation  of  air. 

Burckhardt  Co.,  (hncinnaH^  Ohio:  Our  experience  with  wood  turpentine  has  been 
very  unsatis£act<ny.  We  find  it  almost  unsalable  on  account  of  the  penetrating  odor. 
When  a  large  surface  is  exposed  freshly  painted  in  a  closed  space,  for  example,  any 
interior  work,  the  fumes  given  off  are  exceedingly  disagreeable,  both  as  to  odor  and 
effect  on  the  eyes.    The  natural  gum  turpentine  is  free  from  such  objection. 

A.  B,  Chase  A  Co.,  NorwaUct  Ohio:  Our  experience  with  wood  tiu^ntine  has  been 
very  limited .  The  only  thing  we  noticed  is  that  it  curdled  or  precipitated  the  varnish , 
and  that  the  odor  was  very  offensive.  We  have  decided  that  it  is  not  to  be  used  in 
thinning  varnishes  for  use  on  high-grade  pianos. 

H.  H.  Franklin  Manvfactwring  Co.^  Syracuse,  N,  Y\:  We  are  of  the  opinion  that 
wood  turpentine  would  be  of  no  use  to  us  on  account  of  the  odor. 

Tht  Locomobile  Co.  of  America^  Bridgeport,  Conn.:  We  have  never  been  able  to  get 
satiafEtctory  results  in  the  paint  department  when  using  wood  turpentine.  Our 
painters  state  that  it  is  very  quick  drying,  has  a  tendency  to  thicken  the  paint  after 
standing  a  short  time,  and  on  evaporation  leaves  the  paint  lifeless. 

Brewster  ds  Co.,  New  York:  We  have  only  experimented  with  wood  turpentine,  but 
60  far  as  we  have  gone  we  find  that  its  solvent  power  seems  to  be  less  than  ordinary 
turpentine,  that  it  does  not  dry  as  well,  and  appears  to  leave  a  greasy  residue  on  the 
surface  of  Uie  article  painted  instead  of  drying  flat  and  clear,  as  in  the  case  where  pure 
gum  turpentine  is  used.  It  is  also  heavier  to  work.  In  covering  power  there  is  no 
appreciable  difference.  We  have  not  found  it  satisfactory  to  use  in  our  business  where 
a  very  good  finish  is  necessary. 

Grand  Rapids  Chair  Co.,  Grand  Rapids,  Mich.:  Its  solvent  power  is  the  same.  It 
does  not  dry  as  well  and  makes  a  more  inflexible  varnish  than  ordinary  turpentine. 
It  is  more  difficult  to  work  and  appears  to  separate  from  the  varnish.  It  deteriorates 
with  age. 

Newport  News  Shipbuilding  <fc  Dry  Dock  Co.,  Newport  News,  Va.:  We  beg  to  say 
that  we  are  still  using  wood  turpentine,  or  Florida  spirits,  and  the  only  objection  we 
find  is  that  the  odor  is  unpleasant,  as  before  stated.  If  this  bad  odor  could  be  elimi- 
nated, we  would  use  it  much  more  extensively. 

No/folk  dc  Western  Railv^y  Co.,  Roanoke,  Va.:  We  have  foimd  the  wood  turpentine 
to  have  as  good  solvent  value  as  spirit  turpentine,  of  slightly  slower  drying  qualities, 
but  would  dry  out  in  time  giving  good  results.  This  time  of  drying  has  a  practical 
value  in  many  of  our  shop  operations,  and  is  ofttimes  the  determining' factor.  We 
would  not  consider  it  as  good  as  spirit  turpentine  in  varnish  making,  due  to  the  presence 
in  small  quantities  of  creosote.  We  did  not  find  wood  turpentine  difficult  to  manipu- 
late, nor  did  we  find  it  to  give  detrimental  results  so  far  as  the  covering  value  of  the 
paint  was  concerned. 

The  odor  is  rather  objectionable  to  painters,  which  is  probably  the  only  point  so  far 
determined  on  which  we  would  not  recommend  its  use. 

Pullman  Co.,  Pullman,  III.:  So  for  as  we  are  able  to  see,  the  solvent  power  of  wood 
turpentine  is  about  the  same  as  that  of  the  ordinary  turpentine,  with  the  exception 
that  it  dries  a  little  slower.  The  covering  capacity  is  apparently  the  same  as  the 
ordinary  turpentine,  and  we  are  unable  to  note  any  difference  in  its  manipulation  or 
working.  No  objection  has  been  nosed  by  any  of  our  painters,  and  for  all  purposes  it 
seems  to  be  a  good  substitute  for  the  gum  turpentine. 

Another  prominent  railroad  company:  During  the  past  four  or  five  months  we  have 
iised  samples  of  these  products  and  there  is  considerable  objection  to  them,  principally 
on  account  of  the  odor,  which  is  sickening.  As  to  their  solvent  power  we  do  not  find 
there  is  any  difference,  nor  do  we  find  a  difference  in  drying  qualities.  There  is  no 
difference  in  the  work  nor  in  manipulation.  We  notice  in  mixing  these  substitutes 
that  they  turn  whitish  as  a  foam  which  disappears  when  they  are  left  to  settle.  From 
31131*»— Bull.  144—12 4 
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our  short  experience  we  should  say  that  they  would  crack  or  check  in  time.  In  tin 
case  where  turpentine  paints  are  used — ^that  is,  coach  colors  where  varnish  is  apj^ied 
afterwards — ^we  notice  that  they  change  the  color.  We  do  not  advocate  the  lueof 
wood  turpentine. 

In  the  foregoing  opinions  there  is  perfect  agreement  as  to  the 
objectionable  odor  of  wood  turpentine,  although  it  would  appear 
from  some  of  the  statements  that  some  samples  differ  but  little  from 
gum  turpentine  in  this  property,  a  fact  which  is  confirmed  by  the 
experience  and  observation  of  tliis  bureau.  As  a  rule  the  manu- 
facturers of  paints  and  varnishes  state  that  properly  prepared  wood 
turpentine  is  fully  as  satisfactory  as  ordinary  turpentine,  drying  as 
well  and  working  as  well  as  gum  spirits. 

Dealers  are  generally  of  the  opinion  that  it  is  of  practically  the 
same  value  as  gum  spirits  as  a  diluent,  but  find  that  the  odor  seri- 
ously interferes  with  the  sale  of  the  material. 

Manufacturers  state  that  they  have  no  difiiculty  in  disposing  of 
their  entire  product  to  paint  and  varnish  makers,  and  at  a  price  close 
to  that  of  gum  spirits. 

There  is  considerable  difference  of  opinion  among  the  users  of 
paints  and  varnishes,  piano  makers,  carriage  and  motor  builders, 
furniture  makers,  railroad  companies,  shipbuilders,  and  house  painters. 
Thus  a  prominent  builder  of  automobiles  states  that  their  painters 
know  very  little  about  it,  but  that  it  is  very  quick  drying  and  evapo- 
rates so  rapidly  from  the  paint  that  it  is  left  lifeless.  They  have 
never  been  able  to  get  satisfactory  results  with  it.  Another  com- 
pany states  that  it  could  not  be  used  indoors  on  account  of  the 
odor.  A  piano  company  states  that  it  curdles  or  precipitates  the 
varnish  and  has  an  offensive  odor.  A  shipbuilding  company  finds 
that  it  works  as  well  and  appears  to  give  the  same  results  as  ordinary 
turpentine,  and  the  only  objection  is  its  unpleasant  odor.  A  rail- 
road company  finds  it  satisfactory  as  a  paint  diluent,  but  objects  to 
its  odor. 

It  would  appear  that  the  material  differences  in  the  expressed 
opinions  as  to  the  drying  properties  and  suitability  in  general  as  a 
paint  and  varnish  thinner  are  due  in  large  part  at  least  to  the  well 
known  lack  of  uniformity  in  wood  turpentines  as  heretofore  placed  on 
the  market.  It  is  more  than  probable  that  in  those  cases  where 
decided  objection  is  raised  the  turpentine  contained  considerable 
percentage  of  pine  oils,  which  not  only  affect  drying  properties,  but 
greatly  increase  the  objectionable  odor. 

CONCLUSIONS. 
POSSIBLE   PRODUCTION   FROM   WASTE  MATERIAL. 

The  waste  wood  of  the  South  and  Northwest  from  the  lumber  in- 
dustry— tops,  stumps,  slabs,  and  sawdust,  and  the  dead  and  down 
timber  from  fires  and  storms — furnishes  one  of  the  great  undeveloped 
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resources  of  this  country.  From  this  wood,  by  industrially  developed 
chemical  methods,  the  entire  output  of  naval  stores,  embracing 
turpentine,  rosin,  tars,  pitch,  rosin  spirits,  and  rosin  oils,  having  an 
annual  value  of  at  least  $30,000,000,  may  be  obtained  without  box- 
ing or  turpentining  a  single  live  tree. 

There  is  more  than  sufficient  waste  material  to  yield  annually  all 
the  papers  (except  news),  paper  and  box  board,  and  building  board 
required,  for  which  wood  is  suitable. 

More  methyl  alcohol,  acetate  of  lime,  and  acetone  can  be  pro- 
duced from  this  wood  than  is  now  made  in  the  country,  and  large 
quantities  of  ethyl  alcohol  may  also  be  recovered.  While  it  has  not 
been  proved  that  these  four  products  can  be  made  profitably  from 
waste  resinous  wood,  it  is  not  at  all  improbable  that  the  manufac- 
ture of  one  or  more  of  them,  in  conjunction  with  other  products, 
would  be  practicable. 

There  are  millions  of  acres  of  cut-over  land  covered  with  stumps 
and  dead  and  down  timber,  all  of  which,  because  of  its  resinous 
nature,  decays  very  slowly,  enduring  for  years.  There  is  enough  of 
such  material  to  supply  all  demands  for  the  above-mentioned  prod- 
ucts for  a  very  long  period.  The  processes,  equipment,  and  technique 
for  the  utilization  of  this  material  are  either  in  operation  or  may  be 
readily  devised. 

LOCATION,  MANAGEMENT,  AND  OPERATION   OF  PLANT. 

The  financial  success  of  the  production  of  wood  turpentine  and 
other  materials  from  waste  wood  is  not  controlled  by  the  yield  of 
valuable  products  alone,  but  is  also  largely  affected  by  the  location 
of  the  works  with  reference  to  transportation  of  raw  material,  and 
the  business  ability  and  technical  skill  with  wliich  they  are  con- 
ducted. As  labor  and  transportation  charges  are  the  chief  elements 
in  the  cost  of  conducting  these  plants,  they  should  be  located  as  close 
to  the  supply  of  raw  material  as  possible,  in  order  that  the  cost  of 
collecting  and  hauling  the  wood  and  disposing  of  the  products  may 
be  reduced  to  a  minimum.  It  is  well  to  give  the  most  careful  at- 
tention to  location;  the  plant  should  always  command  two  inde- 
pendent avenues  of  transportation  for  raw  material  and  finished 
products.  Other  things  being  equal,  the  cost  of  wood  is  least  when 
the  works  are  located  close  to  a  sawmill,  as  in  this  case  much  of  the 
wood  has  already  been  collected  for  mill  purposes,  the  wastes  from 
which  are  available  at  the  smaUest  possible  cost.  Mill  waste,  how- 
ever, is  seldom  as  rich  in  turpentine  as  what  is  known  as  *'lightwood," 
80  that  if  the  mill  is  located  at  some  distance  from  the  lightwood 
supply  it  may  prove  more  profitable  to  locate  the  plant  at  the  light- 
wood  supply  and  haul  the  mill  waste.  Each  case  must  be  decided 
^r  careful  consideration  of  all  the  circumstances,  and  therefore 
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more  definite  general  advice  can  not  be  given  than  to  advise  locating 
as  close  to  the  raw  material  as  other  factors  of  cost  will  permit. 
Generally  speaking,  the  operation  of  wood  utilization  woi^  will 
prove  more  profitable  when  conducted  under  the  same  ownership 
or  in  close  cooperation  with  the  lumber  industry,  because  of  the  cheap 
raw  material  available  under  these  conditions,  and  also  of  the  possi- 
bility of  using  the  equipment,  waste  steam,  power,  etc.,  of  the  saw- 
mill in  assembling  the  materials  and  in  the  works.  Large  quantities 
of  water  are  required  in  these  plants  for  producing  steam,  operating 
condensers,  etc.,  hence  such  plants  should  be  located  where  a  suffi- 
cient supply  can  be  obtained.  For  these  reasons  wood  turpentine 
should  be  one  of  the  by-products  of  the  lumber  industry — furnishing 
another  means  of  minimizing  the  dangers  from  the  wastes  of  that 
industry  and  turning  them  to  profitable  account.  Turpentine  should 
not  be. the  only  by-product,  however.  The  greatest  returns  will  be 
obtained  when  several  of  the  following  substances  are  made  from  the 
waste  woods  of  the  yellow-pine  lumber  industry,  namely,  paper, 
wood  turpentine,  pine  oils,  rosin  spirits  and  oik,  alcohol,  soap,  etc. 
The  total  value  of  these  products  is  greater  than  the  value  of  the 
products  of  the  destructive  distillation  of  the  wood. 

The  approximate  comparative  values  of  the  products  of  the  several 
chemical  methods  for  the  utilization  of  waste  wood  are  indicated 
by  the  following  table.    The  figures  are  values  per  cord  of  wood. 

Good  lightwood,  deetnictively  distilled $25 

Good  lightwood,  steam  distilled 8 

Good  lightwood,  soda  extracted,  and  turpentine,  rosin  oils,  and  soda  pulp  made.  44 

Ordinary  long-leaf  pine,  soda  extracted,  and  soda  pulp 35 

Good  lightwood,  extracted  with  volatile  solvent  and  turpentine,  rosin  and 

soda  pulp  made 40 

That  is,  the  values  obtained  from  a  cord  of  wood  by  making  paper 
pulp  are  from  $10  to  $37  greater  than  when  the  wood  is  destructively 
distilled  ot  steam  distilled  and  the  wood  burned  or  thrown  away. 

INDUSTRIAL   DEVELOPMENT. 

It  is  believed  that  the  utilization  of  waste  woods  for  the  recovery 
and  manufacture  of  wood  turpentine,  wood  oils,  rosin,  rosin  spirits, 
and  oils,  tars,  pitches,  acetates,  alcohol,  and  paper  pulp  can  be  made 
a  profitable  chemical  industry. 

This,  of  course,  does  not  mean  that  any  ill-considered  scheme  of 
utilizing  this  material  will  prove  profitable.  On  the  contrary,  only 
the  best  and  most  thoroughly  developed  plans,  embracing  all  those 
considerations  which  are  the  foundation  of  well-organized  industries, 
can  be  expected  to  reap  the  greatest  returns  from  the  opportunities 
which  as  yet  lie  practicaUy  undeveloped.  It  is  not  proposed  to  dis- 
cuss here  the  details  of  equipment,  arrangement  of  plant,  or  opera- 
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iion  and  technique  of  the  various  processes  employed.  The  chemical 
utilization  of  wood  in  the  ways  suggested  requires  the  adaptation 
and  coordination  of  the  equipment  and  processes  which  have  been 
employed  successfully  in  other  industries.  This  is  a  comparatively 
simple  problem  for  the  experienced  chemical  engineer,  but  is  not 
within  the  scope  of  this  publication. 

There  are  a  number  of  ways  in  which  the  machinery  for  the  manu- 
facture of  pulp  and  other  products  may  be  assembled,  and  many 
forms  of  apparatus  may  be  employed.  Some  general  suggestions, 
however,  may  be  made.  The  observations  and  experiments  of  the 
bureau  fully  warrant  the  conclusion  that  a  rotary  digester  will  give 
larger  yields  of  crude  oils  at  less  expense  than  will  fixed  retorts.  It 
is  also  best  to  use  a  rotary  digester  in  pulp  making.  The  greater 
yield  of  oils  with  the  rotary  digester  is  due  to  the  more  rapid  and  com- 
plete penetration  of  the  chips  by  the  steam.  Hand  labor  should  be 
reduced  to  a  minimum  by  the  use  of  machinery.  The  arrangement 
of  the  plant  should  be  such  that  repeated  and  useless  handling  of 
material  is  avoided  and  the  products  should  be  carried  to  the  ultimate 
form  in  which  they  find  industrial  application.  Incoming  wood 
should  be  unloaded  directly  into  the  chipper  and  only  the  excess 
stored.  Indeed  there  should  be  as  little  storage  of  wood  as  possible. 
It  is  far  better  that  the  wood  should  be  brought  daily  to  the  works 
as  soon  as  it  is  cut  and  split  in  order  to  avoid  the  great  loss  of  turpen- 
tine which  occurs  at  the  surface  of  freshly  cut  and  split  pine. 

Such  a  plant  should  be  managed  by  a  man  skilled  in  its  technical 
control  in  order  that  an  accurate  knowledge  may  be  had  of  the  quality 
and  quantity  of  the  raw  material  used  and  of  the  products  obtained 
therefrom.  Undoubtedly  much  of  the  dissatisfaction  which  has 
existed  with  regard  to  wood  turpentine  has  been  occasioned  by  the 
ignorance  of  the  producer  of  the  properties  which  the  material  should 
possess,  or  of  the  methods  of  producing  a  turpentine  uniform  in  com- 
position and  resembling  closely  gum  turpentine. 

The  wood  should  be  cut  diagonally  across  the  grain  and  chipped  to 
a  fairly  uniform  size.  The  chips  should  not  be  more  than  three- 
fourths  of  an  inch  through  nor  less  than  one-fourth  of  an  inch  and 
may  be  subsequently  shredded  with  advantage.  Great  care  sliould 
be  exercised  to  avoid  the  production  of  dust  on  the  one  hand  and 
lai^e  slivers  or  chunks  on  the  other.  Very  fine  material  loses  tur- 
pentine before  it  reaches  the  digester,  and  is  overcooked,  resulting  in 
low  yields  of  turpentine  and  of  weak  pulp.  Penetration  of  the  largo 
chips  by  steam  or  alkali  is  very  slow  and  often  incomplete,  and  con- 
sequently the  time  of  steaming  and  digestion  is  prolonged,  the  yield 
of  turpentine  is  lowered  and  the  pulp  is  insufficiently  cooked,  which 
results  in  inferior  pulp  and  paper. 
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The  bureau  has  found  in  laboratory  experiments  that  when  the 
wood  is  prepared  to  pass  a  J-inch  screen  the  oils  are  removed  com- 
pletely in  less  than  two  hours  steaming  and  no  more  is  obtained  on 
cooking.  When  prepared  to  pass  an  inch  screen,  but  not  a  J-inch 
screen,  the  oils  are  removed  in  from  two  to  two  and  one-fourth 
hours  steaming,  and  no  more  is  obtained  on  further  cooking.  If  the 
chips  will  pass  a  2-inch  screen,  but  not  an  inch  screen,  it  requires 
three  hours  steaming  and  12  per  cent  of  the  total  oils  is  obtained  in 
subsequent  cooking.  With  properly  prepared  wood,  the  time  for 
removal  of  turpentine  is  reduced  at  least  one-third.  The  advantages 
of  reducing  the  wood  to  a  proper  size  and  using  a  rotary  have  been 
demonstrated  in  the  laboratory;  0.25  to  0.88  per  cent  of  oils  were 
recovered  from  the  chips  which  had  been  steamed  in  a  fixed  retort. 
The  smallest  recovery  was  from  chips  passing  a  i-inch  screen  and 
the  largest  amounts  from  chips  not  passing  a  1-inch  screen.  The 
chips  should,  therefore,  be  screened  before  they  are  placed  in  the 
digester  and  those  which  are  too  large  should  be  made  smaller  by 
regrinding,  or,  preferably,  by  shredding. 

Under  proper  conditions  the  turpentine  can  be  steamed  out  of  the 
chips  in  about  three  hours.  So  far  as  the  removal  of  the  turpentine 
is  concerned,  only  a  small  pressure  need  be  carried  on  the  rotary 
until  the  crude  oils  are  oflF;  40  pounds  pressure  applied  intermittently 
is  ample.  The  pressure  may  then  be  raised  for  the  purpose  of  cooking 
the  wood.  The  wood  should  not  be  reduced  to  chips  and  stored  as 
such  for  any  length  of  time  before  steaming,  as  cut-up  wood  loses 
turpentine  quite  rapidly,  especially  in  warm  weather.  (Hogged 
wood  has  been  known  to  lose  half  the  turpentine  in  one  week.)  If 
the  grinding  plant  can  not  deliver  the  chips  to  the  digester  with 
suflScient  rapidity,  chipping  may  be  begun  before  the  digester  is  ready 
to  receive  the  charge,  and  the  chips  held  for  a  short  time  in  an  over- 
head bin,  from  which  they  can  be  spouted  to  the  digester.  Laige 
amounts  of  chips  should  not  be  so  stored,  however,  and  losses  due  to 
volatilization  or  fire  must  be  guarded  against. 

Two  digesters,  each  holding  8  cords  (12  to  16  tons)  of  chips,  can 
handle  at  least  50  cords  (75  to  100  tons)  of  wood  per  24  hours,  three 
cooks  being  made  in  each  digester.  If  lightwood  is  used,  from  400  to 
1,000  gallons  of  crude  oils  should  be  obtained  by  steaming  the  chips. 
From  the  black  Uquor  by  destructive  distillation,  from  1,500  to 
5,000  gallons  of  oils,  consisting  of  rosin  spirits  and  rosin  oils  mixed 
with  oils  (chiefly  phenols  and  cresols)  derived  from  the  ligneous 
material  removed  by  the  soda,  are  obtained.  The  full  amount  of 
methyl  alcohol  usually  obtained  by  destructive  distillation  of  pine 
wood,  together  with  traces  of  acetic  acid,  are  also  contained  in  the 
aqueous  distillate  from  the  black  Uquor.  From  the  residue  of  the 
distillation  of  the  black  liquor,  sodium  carbonate  is  dissolved  and 
recausticised  in  the  usual  way. 
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Preferably  a  globe-shaped  digester  revolved  on  hollow  trunnions 
should  be  used.  The  cooking  liquor  and  steam  are  fed  through  one 
trunnion  while  the  steam  carrying  the  volatile  oils  is  removed  through 
the  other.  When  the  oils  practically  cease  to  come  over  the  valve 
in  the  take-oflF  trunnion  is  closed  and  the  wood  cooked  at  the  proper 
pressure. 

Suitable  equipment  for  a  plant  making  steam  wood  turpentine  and 
using  50  cords  of  wood  per  day  consists  of  two  8-cord  rotary  digesters, 
a  total  boiler  capacity  of  450  horsepower,  engine  capacity  of  250 
horsepower,  a  hog,  a  shredder,  conveyers,  condensers,  refining  stills, 
storage  tanks,- pumps,  piping,  and  building.  The  whole  will  cost 
between  $35,000  and  $50,000. 

REFINING. 

Steam  and  crude  oil  vapors  should  not  be  condensed  together  before 
refining,  as  this  calls  for  unnecessary  apparatus  and  the  increased 
steam  consumption  makes  the  operating  expenses  larger.  The 
vapors  should  be  so  handled  as  to  separate  the  light  oil  with  some 
heavy  oil  from  most  of  the  heavy  oils  and  the  water.  For  refining 
1,000  or  more  gallons  of  crude  oils  per  day  a  continuous  column  still 
should  be  used,  large  enough  to  take  care  of  the  volume  of  steam 
entering  it,  and  so  constructed  that  two,  and  possibly  three,  distinct 
products  may  be  obtained.  Each  Column  should  be  so  arranged 
that  its  contents  can  not  be  carried  forward  to  the  column  containing 
the  lighter  oils,  but  the  residues  from  the  fractionation  in  one  column 
may  pass  to  the  next  lower  one  from  which  heavier  oils  are  obtained 
and  so  on  imtil  the  condensed  water  is  practically  freed  from  oils  and 
goes  to  waste  from  the  bottom  of  the  last  column.  Stills  of  this 
character  can  be  built,  and  while  their  first  cost  is  high,  they  insure, 
when  properly  constructed  and  operated,  the  separation  of  fairly 
uniform  products. 

The  experiments  made  in  this  laboratory  also  show  that  in  order 
to  obtain  a  wood  turpentine,  which  will  comply  in  specific  gravity, 
refractive  index,  evaporation,  and  behavior  on  distillation  with  gum. 
spirits,  it  is  necessary  that  the  heavier  oils  be  removed  from  contact 
with  live  steam  as  rapidly  and  as  completely  as  possible.  To  this 
end  the  fractionating  plates  should  carry  tiie  minimum  depth  of 
liquid  and  the  steam  should  not  be  allowed  to  continue  to  pass 
throtig^  the  heavy  oils  after  they  have  been  freed  from  the  light  oils. 
The  hot  heavy  oils  pass  downward  to  other  fractionating  chambers, 
each  of  which  may  be  operated  to  yield  a  fairly  definite  product,  or 
they  may  be  refined  in  a  pot  BtiH.  The  general  character  of  the 
products  obtained  with  the  column  still  is  shown  in  Tables  4  to  8, 
pages  62  to  66. 
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In  these  plants  when  smaller  quantities  of  crude  oils  are  to  be 
refined,  the  first  cost  of  the  columns  and  difficulties  of  control  make 
the  use  of  two  simpler  stills  advisable,  a  periodic  column  still  for  the 
turpentine  and  a  simple  gooseneck  still  for  the  refining  of  the  heavy 
or  pine  oils.  The  same  apparatus  is  suitable  for  the  refining  of  the 
oils  obtained  by  the  destructive  processes.  It  is  necessary  to  wash 
these  products  with  soda  or  lime,  as  has  been  pointed  out,  and  ako 
to  refractionate  once,  or  even  several  times,  the  portions  obtained 
from  the  first  or  preliminary  fractionation. 

As  long  as  the  distillate  contains  only  water  and  such  oils  as  may 
properly  be  termed  wood  turpentine  the  percentage  of  wood  turpentine 
in  the  distillate  will  be  from  62  to  54  per  cent  and  throughout  nearly 
the  whole  distillation  this  relation  may  exist.  When  large  quantities 
of  pine  oils  begin  to  distill,  however,  the  ratio  of  oil  to  water  in  the 
distillate  drops  rapidly  and  the  changing  quantity  of  oil  in  the  dis- 
tillate, together  with  the  speed  with  which  the  ratio  of  oil  to  water 
changes,  furnishes  the  best  evidence  of  the  nature  of  the  distilling 
oils.  It  has  been  observed  in  general  that  when  a  colmnn  still  is 
employed  and  the  percentage  of  oils  in  the  distillate  decreases  rapidly, 
the  oils  may  be  mixed  with  the  turpentine  until  the  percentage  of 
oils  in  the  final  distillate  falls  to  about  45  per  cent.  If  a  pot  still  is 
employed  the  indications  are  that  when  the  percentage  of  oil  in  the 
distillate  falls  below  50  it  should  no  longer  be  mixed  with  the  turpen- 
tine, since  distillates  containing  less  than  these  amounts  no  longer  meet 
the  requirements  for  turpentine  and  should  be  run  to  another  tank 
until  the  percentage  of  oil  in  the  distillate  falls  below  30  per  cent, 
when  the  distillate  should  be  run  into  a  third  tank.  The  oils  in  the 
third  tank  will  consist  of  pine  oils  alone,  while  those  in  the  second 
tank  will  consist  of  a  mixture  of  turpentine  and  pine  oils  and  should 
be  again  distilled,  and  the  distillate  run  into  tank  1  until  the  oil  in 
the  distillate  falls  below  50  per  cent,  when  the  remainder  is  run  into 
tank  3  without  further  distillation. 

STANDARDS   OF   QUALrTY. 

Since  wood  turpentine  is  used  as  a  substitute  for  gum  spirits  of 
turpentine,  it  should  comply  with  the  customary  tests  appUed  to 
gum  spirits  to  determine  its  suitabiUty  for  this  purpose  and  also 
with  specifications  for  gum  spirits. 

Inasmuch  as  the  highest  grade  of  wood  turpentine  need  not  be 
employed  in  certain  kinds  of  work,  several  grades,  each  suitable  for 
a  specific  purpose,  may  be  made.  In  this  way  users  will  be  enabled 
to  buy  economically  such  wood  turpentine  as  is  suitable  for  their 
various  purposes,  the  utilization  of  the  heavier  oils  will  be  promoted, 
and  the  less  perfectly  equipped  and  operated  plants  will  be  able  to 
find  a  market  for  their  products. 
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Three  grades  have  been  suggested  by  this  bureau  for  gum  spirits,* 
and  there  appears  to  be  no  reason  why  wood  turpentines  should  not 
be  graded  in  the  same  way  and  comply  with  the  same  specifications. 
These  specifications  are: 

Standard  or  No.  1  turpentiBe  should  have  a  specific  gravity  at  20^  C.  of  from  0.862 
to  0.870;  a  refractive  index  at  20**  C.  of  from  1.468  to  1.476;  95  per  cent  should  distill 
below  170**  C,  and  a  layer  of  not  less  than  200  nun  should  be  required  to  equal  in  color 
the  Lovibond  yellow  glass  No.  1.  On  {)olymerization  with  38  normal  sulphuric  acid 
the  residue  should  not  exceed  1  per  cent,  should  be  reddish  in  color  and  viscous,  and 
its  refractive  index  at  20**  C.  should  be  from  1.500  to  1.520.  An  unadulterated  tur- 
pentine which  does  not  agree  with  these  requirements  may  properly  be  regarded  as 
not  of  standard  or  No.  1  quality. 

Second  quality  or  No.  2  turpentine  should  have  a  specific  gravity  at  20**  C.  of  from 
0.862  to  0.875;  a  refractive  index  at  20**  C.  of  from  1.468  to  1.480;  90  per  cent  should 
distiU  below  170**  C.  and  a  depth  of  not  less  than  100  mm  should  be  required  to  equal 
the  Lovibond  yellow  glass  No.  1.  The  polymerization  residue  must  not  exceed  1  per 
cent  and  must  have  a  refractive  index  of  not  less  than  1.50. 

Third  quality  or  No.  3  turpentine  ^ould  have  a  specific  gravity  at  20**  C.  of  from 
0.865  to  0.880;  a  refractive  index  at  20**  C.  of  from  1.468  to  1.485;  60  per  cent  should 
distill  below  170**  C.  and  a  depth  of  not  less  than  50  mm  ^ould  be  required  to  equal 
the  Lovibond  yeDow  glass  No.  1.  The  polymerization  residue  must  not  exceed  1  per 
cent  and  must  have  a  refractive  index  of  not  less  than  1.500. 

Wood  turpentine  that  complies  with  the  specifications  for  No.  1 
and  No.  2  turpentines  will  have,  but  little  objectionable  odor,  and  it 
is  believed  will  meet  all  reasonable  technical  requirements  for  paint 
and  varnish  thinners,  except  possibly  those  for  varnishes  of  the 
highest  grade. 

VALUE    OF    WOOD   TUBPENTINES    AS    PAINT    AND    VARNISH    THINNERS. 

The  experimental  work  which  has  been  done  and  the  information 
that  has  been  collected  leave  no  doubt  that  wood  turpentine,  both 
destructive  and  steam  distilled,  can,  by  careful  refining,  be  made  to 
correspond  closely  with  gum  spirits  in  all  those  properties  by  which 
the  suitability  of  turpentine,  as  a  paint  and  varnish  thinner,  is  judged. 
The  wood  turpentine  that  contains  no  products  of  destructive  distil- 
lation and  is  free  from  heavy  oils  differs  very  slightly  in  odor  from 
gum  spirits,  and  but  little,  if  any,  objection  can  be  raised  to  the 
technical  use  of  well-refined  wood  turpentine  on  this  accoimt.  It 
may  be  used  in  well- ventilated  places  without  serious  inconvenience 
to  the  workmen.  Well-refined  wood  turpentine  is  a  suitable  paint 
and  varnish  material,  except  possibly  for  the  highest  grade  varnishes; 
and  it  may  be  employed  for  these  purposes  without  detriment  to  the 
paint  or  varnish. 

>  U.  S.  Dept.  Agr.,  Boreaa  of  Chemistry  Bui.  135. 
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Tablb  9. — Refining  experimenU  with  a  pot  stilly  showina  the  percentage  of  turpentine  in 
the  distillate  and  the  composition  of  the  turpentine. 


FIRST  RUN  (total  time  of  distUlation,  900  mi 

nutes) 

Time 
elapsed 
from  be- 
ginning 

ofdi»r 
tiUation. 

Turpen- 
tine in 

dis- 
tillate. 

c^ 
gravity 

at 
20«C. 

Refrac- 
tive 
index 

at 
20«C. 

Initial 
distiU- 
Ing 
tem- 
pera- 
ture. 

Per  cent  disUlling  below— 

SmpleNo. 

I 
160'C.' 

165-C. 

170«C. 

175«C. 

180«C. 

186»C. 

i90«a 

Minutes. 
0 
3 
4 
5 
10 
20 
45 
100 
155 
215 
245 
255 
285 
300 
330 
335 
350 
360 
300 
410 
425 
495 
505 
520 
630 
540 
555 

Percent. 
14 
56 
54 
55 
53 
57 
54 
53 
53 
50 
51 
51 
51 
51 
47 
47 
50 
51 
48 
47 
48 
45 
44 
44 
44 
43 
43 

•c. 

19923 

0.8634 

1.4660 

153 

30 

79 

90 

92 

93 

97 

19924 

.8638 

1.4662 

157 

21 

77 

87 

91 

94 

96 

97 



19925 

.8665 

1.4603 

160 

28 

62 

77 

83 

87 

91 

1 

19926 

•8686 

1.4707 

163 

8 

53 

71 

81 

86  1        M 

SECOND  RUN  (time  of  distillation,  800  minutes). 

300 
385 
460 
505 
520 
570 
580 
620 
650 
675 
720 
745 

55 
51 
50 
50 
49 
51 
44 
40 
33 
37 
30 
27 



19927 

0.8603 

1.4710 

161 



5 

51 

69 

76 

85 

88 

19920 

.8811 
.8868 

1.4750 
1.4753 

166 
173 

3 

10 
9 

41 
20 

60 
45 

70 

19921 

63 

THIRD  RUN  (time  of  distillation,  835  minutes). 

345 
435 
525 
545 
565 
610 
625 
655 
670 
685 
715 
760 
775 
795 
810 

53 
52 
49 
47 
44 
38 
38 
33 
32 
27 
26 
21 
20 
20 
18 



19914 

0.8683 
.8718 

1.4690 
1.4715 

162.0 
163.5 

16 
4 

59 
36 

75 
61 

82 
74 

86 
80 

91 

19915 

88 

19916 

.8763 

1.4740 

167.0 

7 

36 

62 

70 

78 

19917 

.8830 
".9005 

1.4760 
1. 4770 
1.4790 

166.0 
171.0 
176.0 

3 

12 

6 

40 
11 

1 

65 
44 

4 

74 

19918  

60 

19919. 

32 

1 

19922 

.9140 

i.4792 



183.0 

4 

7 

1 

FOURTH  RUN  (time  of  distillation,  720  minutes) . 


15 
18 
22 
25 
147 
152 
157 

59 
65 
57 
54 
56 
67 
58 

0.8628 

.8621 

.8619 

1 



.8609 

, 
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Tablb  lO.^Summary  of  Table  9  showing  constants  of  turperOine  samples  taken  Sarins 
the  progress  of  distillation^  and  Me  percentage  of  turpentine  in  the  distillate. 

(Total  time  for  distiUation  Of  turpentine  No.  1, 900  minutes;  No.  2, 800  minutes;  No.  3, 835  minutes.) 


DistU- 

li«lon 

number. 

Time 
elapsed 
from  be- 
ginning of 
distuTa- 
tion. 

Tup- 
pentine 
Indis- 
tillate. 

Specific 

Refn». 

tlve  in- 
dex at 
20«C. 

Initial 
distil, 
ling 
temper- 
ature. 

Per  cent  dtftOUnc  below— 

Sample 
number. 

160* 
C. 

165» 
C. 

170* 

c. 

175^ 

180« 
C. 

185- 
C. 

190» 
C. 

10023 

19934 

1 
1 
1 
3 
1 
2 
3 
3 
2 
3 
2 
3 
3 
3 

MiwUet. 
4 
45 
495 
565 
555 
620 
540 
630 
720 
685 
745 
720 
765 
810 

P.rt. 
54 

53-54 
45 
44 
43 
40 

38-39 
33 
30 
27 
27 
25 
22 
18 

a8634 

.8638 
.8665 
.8683 
.8686 
.8693 
.8718 
.8763 
.8811 
.8830 
.8868 
.SSS9 
.9005 
9140 

1.4660 
1.4662 
1.4693 
1.4690 
1.4707 
1.4710 
1. 4715 
1. 4740 
1.4750 
1.4750 
1.4753 
1.4770 
1.4790 
1.4792 

•c, 

153 

157 

160 

162 

163 

161 

163i 

167 

166 

166 

173 

171 

176 

183 

30 
21 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

79 
77 
28 
16 
8 
5 
4 
0 
0 
0 
0 

t 

0 
0 

90 

87 

62 

59 

53 

51 

36 

7 

3 

3 

0 

0 

0 

0 

92 

91 

77 

75 

71 

69 

61 

36 

10 

12 

9 

6 

0 

0 

93 
94 
83 
82 
81 
76 
74 
62 
41 
40 
20 
11 
1 
0 

"96* 
87 
86 
80 
85 
80 
70 
00 
55 
45 
44 
4 
4 

iff 

07 

19925 

91 

19914 

91 

19926 

to 

19927 

88 

19915 

88 

19916 

78 

19920 

70 

19917 

74 

19921 

6S 

19918 

19919 

00 
83 

19922 

7 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Depaktment  op  Agbicolturb, 

Bureau  of  Chemistry, 
WasUngUm,  D.  C,  March  27,  1911. 
Sm:  I  have  the  honor  to  submit  for  your  approval  a  report  on  the 
results  of  a  three-year  investigation  of  the  composition  of  American 
grapes,  conducted  at  Charlottesville,  Va.,  and  Sandusky,  Ohio,  by 
William  B.  Alwood,  the  enological  chemist  of  this  bureau,  covering 
the  principal  commercial  varieties  of  American  grapes  grown  in  the 
central  and  eastern  sections  of  the  country,  and  also  other  varieties 
not  generally  cultivated.  These  data,  even  though  the  study  is  far 
from  complete,  are  of  practical  importance  to  the  grape  growers  and 
manufacturers  of  grape  by-products,  as  well  as  of  scientific  interest, 
and  I  recommend  their  pubUcation  as  Bulletin  No.  145  of  the  Bureau 
of  Chemistry. 

Respectfully,  H.  W.  Wiley, 

Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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PREFACE. 


In  the  conduct  of  certain  enological  work  it  became  evident  that 
there  were  ahnost  no  chemical  data  available  regarding  the  character 
of  grapes  grown  in  Virginia,  in  northern  Ohio,  in  northern  and 
central  New  York,  and  in  some  other  parts  of  the  country.  The 
condition  was  much  the  same  as  that  which  was  foimd  in  the  begin- 
ning of  the  enological  studies  on  the  production  of  cider.  It  is 
evident  that  in  order  to  treat  a  subject  of  this  kind  in  a  rational  way 
it  is  important  that  the  character  of  the  fruits  under  consideration 
should  be  definitely  known.  After  the  investigation  on  the  compo- 
sition of  the  grapes  in  the  Piedmont  region  of  Virginia  was  begun  it 
was  found  advisable  to  establish  a  laboratory,  or  laboratories,  for 
further  studies  on  the  composition  of  this  fruit  and  the  products 
made  therefrom  in  the  localities  which  have  become  so  famous  for 
the  production  of  grapes,  grape  juices,  and  wines.  The  establishment 
of  a  branch  of  the  enological  investigations  at  Sandusky,  Ohio, 
rendered  it  possible  to  study  in  situ  the  character  of  the  grapes  pro- 
duced in  that  region.  This  study  has  now  continued  over  a  period 
of  three  years,  and  data  are  at  hand  for  drawing  at  least  preliminary 
conclusions  respecting  the  general  character  of  the  fruit  produced. 
As  is  the  case  in  every  grape-growing  country,  it  has  been  found  in 
northern  Ohio  and  central  and  northern  New  York  that  the  character 
of  the  grape  varies  from  season  to  season,  and  often  in  the  same  vine- 
yard or  locality  during  a  given  season.  This  variation  shows  the 
necessity  which  exists  in  this  locality,  as  well  as  everywhere  else,  of 
securing  by  careful  selection  the  grapes  which  are  to  be  used  for 
specific  purposes.  Those  that  are  sound,  healthy,  mature,  and  suit- 
able for  the  purpose  should  be  separated  from  the  imperfect,  unripe, 
damaged,  or  otherwise  undesirable  varieties.  In  the  manufacture  of 
unfermented  grape  juice,  for  instance,  it  is  desirable  that  the  grapes 
yield  a  juice  which  is  palatable,  wholesome,  and  easily  treated.  It 
is  not  desirable  to  bottle  the  fresh  juices  and  sterilize  them  without 
removing,  in  so  far  as  possible,  the  sedimentary  matters  which  will 
be  deposited  on  heating  and  standing.  Many  varieties  of  grapes  lend 
themselves  much  more  readily  to  treatment  of  this  kind  than  others. 
The  chemical  composition  and  physical  properties  of  the  fruit  and  its 
amenability  or  resistance  to  treatment,  either  in  the  preservation  of 
the  juice  in  an  unfermented  state  or  in  the  manufacture  of  wine,  are 
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of  the  greatest  importance.  As  is  well  known,  the  predominant  acid 
in  ripe  grapes  is  tartaric.  The  presence  of  this  acid,  either  in  a  free 
state  or  in  combination  with  lime  or  potash,  is  necessary  to  give  to 
the  grapes  the  peculiar  flavor  for  which  they  are  noted.  In  other 
words,  the  acid  content  of  the  grape  is  one  of  the  ingredients  of  chi^ 
importance  from  an  organoleptic  point  of  view.  A  grape  which  is 
without  acid  would  be  totally  insipid,  and  would  yield  a  juice  not 
much  better  than  sweetened  water.  On  the  other  hand,  a  grape  juice 
in  which  the  acid  is  excessive  is  impalatable,  at  least  to  most  persons. 
Hence  the  production  of  a  grape  with  the  proper  degree  of  acidity  to 
give  character  and  not  enough  to  impair  taste  is  of  great  importance. 

The  studies  which  have  been  made  and  which  are  detailed  in  the 
following  pages  throw  much  light  on  this  important  proUem,  even 
though  they  are  far  from  complete,  indicating  what  varieties  of 
grapes  and  what  conditions  of  environment  give  the  best  results. 

Equally  important  from  the  point  of  view  of  vinification  is  the 
sugar  content  of  the  grape.  The  only  source  of  natural  alcohol  in 
wine  is  fermentation  of  the  sugars  which  exist  in  the  original  grape. 
These  sugars  exist  in  combination  with  other  bodies,  many  of  which 
enter  into  the  finished  product  and  serve  to  give  it  character  and 
quaUty.  In  fact,  the  smaller  the  quantity  of  alcohol  which  can  be 
secured  in  the  finished  wine,  and  at  the  same  tune  permit  of  its 
manufacture  and  keeping,  the  better.  Other  things  beiog  equal,  the 
wine  which  has  the  smallest  percentage  of  alcohol  is  to  be  preferred. 
The  data  which  have  been  secured  indicate  the  varieties  of  grapes 
which  give  the  best  percentage  of  sugar  for  proper  fermentative 
purposes. 

Tliese  studies  will  lay  broad  and  deep  the  foundation  for  the  prac- 
tical working  out  of  the  problem  of  the  utilization  of  grapes  for  the 
various  purposes  for  which  grape  products  are  employed.  While  the 
work  has  been  carried  on  under  the  general  direction  and  supervision 
of  the  Chief  of  the  Bureau  of  Chemistry,  the  details  of  it  and  the 
technique  of  the  processes  have  been  in  the  hands  of  Mr.  William  B. 
Alwood,  who  has  given  to  the  work  his  undivided  attention  and  has 
with  enthusiasm  and  success  attacked  the  many  problems  which 
have  been  presented. 

H.  W.  Wiley, 

Chief  of  Bureau. 

Washington,  D.  C,  March  10, 191 L 
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THE  CHEMICAL  COMPOSITION  OF  AMERICAN  GRAPES  GROWN  IN  OHIO, 
NEW  YORK,  AND  VIRGINIA. 


OBJECT  OF  THE  INVESTIOATIOIT. 

In  the  discharge  of  duties  devolving  upon  the  Bureau  of  Chem- 
istry under  the  food  and  drugs  act  it  became  apparent  that  definite 
data  on  the  methods  of  wine  making  and  of  the  products  made  in  the 
several  wine  districts  of  the  country  were  needed.  As  chemical  data 
on  the  composition  of  the  fruit  used  in  the  manufacture  of  grape 
juices  and  wines  were  not  available,  it  was  foxmd  necessary  to  make 
a  fairly  complete  fundamental  study  of  the  grape  and  the  by-prod- 
ucts made  from  this  fruit.  As  a  first  step  in  this  direction  a  detailed 
study  was  made  of  the  chemical  composition  and  general  character 
of  the  several  varieties  of  grapes  grown  in  the  Central  and  Eastern 
States,  especially  those  sent  to  the  wineries  at  Sandusky,  Ohio,  with 
a  view  to  determining  the  suitability  of  these  grapes  for  food  purposes 
and  for  wine  production.  Further  than  this  a  chemical  study  of  the 
commercial  wines  produced  in  the  middle  and  eastern  wine-growing 
districts  was  also  foimd  necessary  for  the  purpose  of  comparing  their 
quality  with  that  of  wines  which  might  be  made  imder  the  direction 
of  the  bureau  from  the  grapes  conmionly  used  at  the  wineries  for  this 
purpose. 

The  need  of  this  investigation  in  the  administration  of  the  food 
law  is  readily  seen  if  one  compares  the  widely  varying  statements  of 
the  grape  growers  and  the  wine  makers  as  to  the  quality  of  the  fruit 
produced  and  the  possibility  of  making  straight  wines  from  this  fruit, 
and  also  if  one  is  familiar  with  the  general  practice  of  watering  and 
sugaring  (i.  e.,  gallizing)  the  wines  made  in  the  districts  mentioned. 
For  these  reasons  it  is  important  to  determine  fully  the  character  of 
the  strictly  nature  wines  made  from  these  grapes.  There  appeared 
to  be  no  other  method  of  seeming  these  data  than  by  a  thorough 
chemical  investigation  covering  the  whole  subject  of  the  fruit  grown 
and  the  character  and  composition  of  the  wines  produced  and  sold 
in  the  districts  in  question.  The  term  ''American  grapes"  is  here 
used  to  distinguish  native  seedlings  and  crosses  of  these  with  the 
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European  species  produced  in  America,  from  the  distinctly  European 
varieties  grown  so  largely  in  Califomia. 

It  is  claimed  by  some  that  the  grapes  of  New  York  State  and  the 
Atlantic  seaboard  States  are  richer  in  sugar  and  not  so  acid  as  the 
fruit  grown  in  the  Lake  Erie  district.  Because  of  the  proximity  to 
a  very  large  grape-growing  industry  and  of  the  important  wine 
industry  located  there  the  work  has  thus  far  been  carried  on  chiefly  at 
Sandusky,  Ohio,  but  it  is  intended  to  extend  it  as  rapidly  as  possible 
to  other  important  centers.  A  large  portion  of  the  northern  grape 
belt  has  already  been  covered  in  this  preliminary  investigation,  and 
the  importance  of  the  crop  and  its  by-products  and  the  necessity  for 
accurate  information  seem  to  fully  justify  this  course.  But  the  d^a 
now  in  hand  will  render  possible  more  detailed  investigations  of  cer- 
tain specific  featiures — as,  for  instance,  the  variability  in  composition 
of  the  more  important  varieties  under  differing  conditions  of  soil, 
climate,  and  culture — which  appear  to  promise  results  of  much  prac- 
tical importance. 

o&APES  OBOwv  nr  omo  avd  hew  tosk. 

KSTHOM  OF  OBTAINIire  8AXPL18. 

In  an  investigation  of  this  natiu*e  the  character  of  the  sample  used 
is  of  great  importance.  The  data  for  the  individual  samples  show 
that  the  difference  in  composition  between  samples  from  the  same 
source  may  be  sufficient  to  be  confusing.  Hence,  with  a  view  to 
forestalling  hasty  conclusions,  a  very  large  number  of  samples,  from 
as  many  soiu*ces  as  possible,  have  been  examined.  This  should  ren- 
der the  averages  presented  quite  reliable.  There  will  certainly  be  a 
very  considerable  variation  in  composition  from  year  to  year,  the 
extent  of  which  can  only  be  determined  by  continuing  these  examina- 
tions until  sufficient  data  have  been  secured  to  furnish  a  basis  for  a 
final  statement. 

The  season  was  so  far  advanced  when  this  work  was  begun  in  1908 
that  arrangements  could  not  be  made  to  secure  samples  from  a  large 
number  of  individual  growers;  hence  they  were  taken  at  the  wine 
cellars.  But  for  the  years  1909  and  1910  a  large  number  of  samples 
were  secured  directly  from  the  growers,  and  to  check  against  the 
results  so  obtained  samples  were  taken  from  the  wine  cellars.  In 
getting  samples  from  growers  the  selection  of  ''extra  quality"  has 
been  prevented  as  far  as  possible,  the  aim  being  to  use  the  average 
commerdal  fruit.  In  any  case  the  large  number  of  samples  exam- 
ined from  the  various  sources  minimizes  the  incidental  variations  so 
as  to  warrant  a  reasonable  belief  that  the  averages  herein  presented 
represent  the  quality  of  the  fruit  for  the  season  in  question. 
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The  two  elements  of  prime  importance  in  the  grapes  used  for  the 
manufacture  of  unfennented  grape  juice,  for  wine  making,  or  for 
other  by-products,  are  the  amount  of  sugar  and  the  amount  of  acid 
present  in  the  fruit;  hence  the  work  imdertaken  in  1908,  the  first 
season  at  Sandusky,  was  confined  ahnost  wholly  to  sampling  and 
examining  crops  of  grapes  found  at  the  various  wineries  and  juice 
factories,  and  to  observations  of  the  methods  of  vinification  employed. 
A  small  amount  of  wine  was  made  for  technical  study.  It  was  un- 
fortunate that  the  investigations  could  not  have  been  begun  at  the 
opening  of  the  vintage  season  in  1908,  because  the  crop  was  especially 
good  that  year  for  making  high-class  products,  but  it  was  impossible 
to  make  preparations  for  more  extensive  operations  than  those 
indicated. 

FBBPABATION  OF  THE  8A1IPLS  FOB  ANALYSIS. 

The  samples  of  fruit  secured  for  1908  were  taken  at  the  various 
wine  cellars  directly  from  the  packages  as  they  arrived  at  the  cellars, 
and  the  name  and  address  of  the  grower  was  invariably  entered  on 
the  records  with  each  sample.  About  4  pounds  of  fruit  were  taken 
for  a  sample,  and  care  was  taken  to  secure  an  average  of  the  crop. 
These  samples  were  crushed  and  pressed  by  hand  in  the  laboratory 
of  the  Duroy  &  Haines  Co.,  who  kindly  furnished  facilities  for  this 
work. 

The  preparation  of  the  samples  is  a  matter  of  considerable  impor- 
tance. Experiments  on  crushing  in  a  mortar  by  using  a  pestle,  on 
crushing  by  hand  in  porcelain  vessels,  and  also  with  sniall  hand 
grinders  were  made.  After  careful  tests  by  these  methods  it  was 
foimd  that  crushing  by  hand  is  the  best  method  of  procuring  a  sample. 
In  this  way  each  grape  is  crushed  practically  to  the  same  extent,  and 
the  whole  mass  is  reduced  to  a  pulp  so  much  more  homogeneous 
than  by  any  other  method  tried,  that  this  one  was  adopted  for  all 
work  during  the  years  1909  and  1910.  The  stems  were  in  every  case 
left  in  the  pulp. 

When  crushed  to  a  pulp  the  sample  was  transferred  to  a  piece  of 
cheesecloth  folded  double,  spread  over  a  porcelain  dish,  and  the  pulp 
was  pressed  by  gathering  the  edges  of  the  cloth  firmly  in  one  hand 
and  gently  squeezing  the  mass  until  the  juice  was  extracted.  The 
pulp  is  in  this  manner  reduced  to  a  ball  in  the  cloth,  and  by  gripping 
this  firmly  with  the  free  hand  and  applying  pressure  properly  a  care- 
ful operator  can  reduce  the  pulp  to  about  the  condition  of  dryness 
arrived  at  by  applying  1,500  pounds  direct  pressure  in  a  hydrauUc 
press.  The  amount  of  pressure  used  will  affect  considerably  the  acid 
present  in  the  expressed  juice;  hence  care  is  required  in  this  manipu- 
lation to  secure  comparable  results. 
6874**— BuU.  145—11 2 
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TESTS  Am)  ANAIiTSBS  XADX. 

Each  sample  of  juice  was  then  tested  as  to  density  with  a 
Brix  spindle,  and  in  most  instances  a  sample  was  saved  for  further 
examination.  These  samples  for  the  year  1908  were  bottled  and 
preserved  with  mercuric  chlorid,  using  tablets  purchased  at  the  drug 
store,  and  in  this  condition  they  were  sent  to  Stonehenge  labora- 
tory, Charlottesville,  Va.,  for  analysis.  The  final  analyses  were 
completed  by  January  5,  1909,  and  covered  only  specific  gravity, 
total  soUds,  sugar-free  solids,  total  sugar,  and  fixed,  volatile,  and 
total  acid.  These  data  were  carefully  checked,  and  in  the  acid  de- 
terminations allowance  was  made  for  the  use  of  the  mercuric  chlorid 
tablets,  each  of  which  contained  0.5  gram  of  mercuric  chlorid  and  0.57 
gram  of  ammonium  chlorid.  One  tablet  was  used  for  400  cc  of  fresh 
juice.  A  correction  to  allow  for  the  acid  present  in  the  tablet  was 
made  by  deducting  0.075  gram  tartaric  acid  per  100  cc  of  sample. 
Volatile  acid  was  determined  on  the  samples  taken  in  1908,  but  th^ 
amount  was  so  slight  that  it  is  not  reported  in  the  tables;  seldom 
was  0.01  gram  per  100  cc  of  sample  found.  During  the  years  1909 
and  1910  volatile  acid  determinations  were  not  made. 

The  results  on  total  acid  for  the  samples  taken  in  1908  are  sur- 
prisingly low.  This  was  noted  as  the  samples  were  analyzed,  and  the 
work  was  carefully  checked.  The  only  explanation  which  is  suggested 
is  that  during  the  first  season  the  samples  were  not  pressed  sufficiently 
to  bring  out  all  the  acid  present.  It  will  be  readily  understood  that 
for  red  wines  the  acid  content  secured  by  crushing  and  pressing  the 
fresh  fruit  will  not  be  the  total  acid  secured  by  the  fermentation  of 
the  pulp  and  then  pressing  by  power,  as  is  customary  in  the  wineries, 
but  for  white  wine  the  result  should  be  practically  the  same  as  when 
the  fruit  is  crushed  and  pressed  by  power.  These  points  will  be 
covered  and  the  data  given  in  an  additional  report  on  the  fermenta- 
tion experiments  conducted  at  the  Sandusky  laboratory. 

The  preparation  of  the  samples  during  the  years  1909  and  1910 
was  uniformly  by  hand  as  just  described;  but,  having  equipped  a  field 
laboratory  at  Sandusky,  the  analyses  of  the  juice  were  made  there  at 
once,  as  far  as  possible.  In  eveiy  case  the  acid  was  determined  by 
the  titration  of  the  freshly  pressed  and  filtered  juice,  and  a  gravity 
reading  was  made  on  unfiltered  juice  at  the  same  time,  using  a  Brix 
spindle  specially  made  for  this  work.  When  the  analysis  could  not 
be  made  promptly  a  sample  was  preserved  in  a  pint  champagne 
bottle  with  0.2  gram  of  mercuric  chlorid.  The  full  analysis  was 
completed  usually  within  from  30  to  60  days  after  sampling.  If  the 
presence  of  sucrose  was  suspected  the  analysis  was  made  at  once,  be- 
cause experience  showed  that  inversion  of  this  form  of  sugar  occiirred 
even  in  the  chemically  preserved  sample. 
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The  methods  of  analysis  followed  are  those  laid  down  in  Bulletin 
No.  107,  Revised,  Bureau  of  Chemistry;  certain  details  for  which  no 
explicit  directions  are  given  were  made  to  conform  to  well  settled 
laboratory  practice.  Total  solids  were  derived  as  for  wine  from  the 
table  given  in  Bulletin  No.  107,  Revised  (p.  218  et  seq.),  and  the 
sugar-free  soUds  by  subtracting  the  total  reducing  sugar  from  the 
total  solids,  save  in  cases  where  the  sample  showed  sucrose.  In  such 
instances  the  sugar-free  soUds  were  .obtained  by  subtracting  the  sum 
of  the  reducing  sugar  and  sucrose  from  the  total  soUds.  Subtracting 
the  total  sugar  found  by  inversion  when  sucrose  is  present  results  in 
reducing  the  sugar-free  soUds  below  normal. 

The  add  determination  was  made  on  filtered  juice  without  previ- 
ous heating,  by  titrating  with  tenth-normal  sodium  hydroxid,  free 
from  carbonate,  using  a  neutral  solution  of  azolitmin  on  a  spot  plate 
as  indicator.  When  the  juice  was  highly  colored  it  was  found 
advantageous  to  dilute  the  portion  taken  about  two  and  one-half 
times  with  recently  boiled  but  cold  water,  that  the  reaction  might  be 
more  clearly  seen. 

The  sugar  determinations  were  made  after  the  methods  of  Munson 
and  Walker  (Bulletin  No.  107,  Revised,  p.  241),  but  it  was  found  pos- 
sible to  use  the  gooches  twice  without  cleaning.  This  was  definitely 
determined  by  trial,  as  shown  by  the  following  check  results: 

Reducing  stigar  determinations  to  test  need  of  cleansing  gooch  before  each  determination. 

[Qrams  per  100  oo.] 


Filtered  and  weighed  on  clean  pad: 

White  grape  mice — 

1 21.11 

2 21.13 

3 21.11 

4 21.11 


Average 21. 12 


Red  grape  juice — 

1 16.88 

2 16.87 

3 16.85 

4 16.91 


Average 16.88 


Filtered  and  weighed  on  4.3  decigrams  cu- 
prous oxid: 
White  grape  juice— 

5 21.01 

6 21.05 

7 21.08 

8 21.08 


Average 21.06 


Red  grape  juice — 

5 16.83 

6 16.91 

7 16.85 

8 16.83 


Average 16. 86 


The  Brix  readings  giyen  are  those  made  on  the  fresh  juice,  with  a 
standardized  Brix  must  spindle  especially  devised  by  this  laboratory 
and  corrected  to  20^  C.  in  accordance  with  the  regulations  of  the 
Bureau  of  Standards.  The  specific  gravity  readings  given  were  in 
every  case  determined  by  pyknometer  when  the  sample  was  analyzed. 
These  notes  apply  to  the  work  of  1909  and  1910;  some  slight  varia- 
tions from  this  detail  occurred  during  the  preliminary  work  of  1908. 
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INVSSTI0ATIOH  OF  1908. 

The  data  for  each  variety  sampled  in  1908  are  summarized  in 
Table  I,  page  20,  by  bringing  the  results  on  all  the  samples  of  a 
variety  from  each  locality  together  and  giving  the  average;  if  more 
than  one  sample  was  analyzed,  the  maximum  and  minimum  results 
for  each  locality  are  shown.  The  figures  presented  in  this  table  cover 
too  few  samples  to  warrant  any  extended  discussion;  from  several 
important  localities  only  one  sample  of  a  given  variety  was  examined. 
This  was  due  to  lack  of  time  to  organize  the  work  completely  for  that 
year.  Further,  the  data  are  deficient  in  that  the  territory  was  not 
adequately  covered.  These  criticisms,  however,  do  not  deprive  these 
data  of  value,  and,  as  far  as  they  go,  the  results  show  a  remarkably 
high  sugar  content  in  the  great  majority  of  the  samples  analyzed. 
In  fact,  the  grape  crop  was  of  very  good  quahty  that  year,  and  it  was 
often  stated  that  not  in  20  years  could  such  quaUty  be  expected  again. 
Only  one  sample  of  Catawba  was  analyzed  from  Middle  Bass  and  one 
from  North  Bass,  Ohio,  but  the  Brix  readings  on  the  other  samples 
from  these  locaUties  show  that  they  were  all  richer  in  soUd  matter 
and  hence  presumably  were  higher  in  sugar  than  the  two  analyzed. 
The  importance  of  the  Brix  readings  of  fresh  must,  as  a  means  by 
which  the  grower  can  determine  with  considerable  accuracy  the  sugar 
content  of  the  fruit,  is  worthy  of  special  attention. 

The  data*  show  that  19  samples  of  Ives,  notably  the  poorest  grape 
in  sugar  content  of  those  used  for  wine  in  the  Sandusky  district,  gave 
an  average  percentage  composition  of  15.06  per  cent  of  sugar  and 
0.485  of  total  acid.  Concord,  which  is  usually  not  much  superior  to 
Ives,  shows  for  11  samples  16.20  per  cent  of  sugar  and  0.434  of  total 
acid.  Clinton,  a  variety  not  largely  grown,  showed  in  5  samples  17.76 
per  cent  of  sugar  and  0.998  of  total  acid.  Norton,  a  grape  apparently 
not  well  adapted  to  the  Lake  district,  gave  for  3  samples  an  average 
of  22.79  per  cent  of  sugar  and  0.907  of  total  add.  The  fermented 
pulp  will,  of  course,  give  a  wine  that  is  still  more  acid. 

It  is  especially  important,  however,  to  note  that  Catawba,  the 
chief  white  wine  grape  of  the  Lake  district,  on  an  average  of  25  sam- 
ples, showed  18.81  per  cent  of  sugar  and  0.750  of  total  acid.  Dela- 
ware, which  is  well  known  for  its  high  quality,  showed  for  2  samples 
an  average  of  22.84  per  cent  of  sugar  and  0.423  of  total  acid;  and 
lona,  a  superb  wine  grape,  but  not  extensively  grown,  in  one  sample 
had  19.35  per  cent  of  sugar  and  0.623  of  total  acid.  These  results 
as  to  sugar  content  indicate  a  very  high  quality  of  fruit. 

1  For  percentage  data  see  table  on  page  1& 
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INVESTI0ATIOK  OF  1909. 

During  the  season  of  1909  preparation  was  made  to  extend  the 
work  by  equipping  a  laboratory  at  Sandusky,  Ohio.  Accommodation 
was  thus  provided  for  handling  a  large  number  of  samples  and  for 
making  fermentation  experiments  on  the  different  varieties  of  wine 
grapes.  The  report  on  the  fermentation  experiments  is  not,  how- 
ever, included  in  this  report,  which  d^als  only  with  the  composition 
of  the  fruit  samples.  A  canvass  of  the  Lake  Erie  district  and  as 
far  east  as  the  central  New  York  grape  district  was  made  during 
August  and  September,  1909,  and  correspondents  were  selected  at 
several  points  of  importance  who  were  relied  upon  for  samples  of  tlie 
crop  for  the  laboratory  work,  and  a  number  of  whom  rendered 
valuable  assistance.  The  samples  were  sent  by  express  or  boat, 
usually  in  small  baskets,  to  the  Sandusky  laboratory,  where  the 
notes  on  quality  and  the  chemical  examinations  were  made. 

Itis  arrangement  furnished  a  large  number  of  samples  direct  from 
the  growers,  but  others  were  also  secured  from  the  wine  cellars  in 
Sandusky  at  such  periods  as  seemed  most  likely  to  furnish  data  on 
the  full  range  of  the  fruit  crushed  for  wine.  However,  samples  from 
the  wine  cellars  were  not  usually  considered  as  representing  indi- 
vidual crops  during  1909,  but  were  regarded  as  a  composite  of  the 
stock  on  hand  at  the  time  the  sample  was  taken.  From  the  American 
Wine  Company  composite  samples  were  taken  of  the  expressed  juice 
as  it  was  collected  in  the  settling  tank.  Such  samples  are  reported 
under  the  names  of  the  several  cellars. 

The  data  determined  at  the  time  of  sampling  during  1909  comprise 
a  Brix  reading  on  the  fresh  must,  and  titration  for  total  acid  as  soon 
as  the  sample  was  crushed  and  pressed;  in  most  cases  the  sample 
was  further  analyzed  by  determining  the  specific  gravity  by  pyk- 
nometer,  the  total  solids,  sugar-free  soUds,  and  total  sugar.  Inver- 
sion was  only  resorted  to  when  the  results  showed  excessive  sugar- 
free  solids  by  direct  determination.  Volatile  acid  was  not  deter- 
mined on  the  fresh  fruit  during  1909,  as  the  data  for  the  previous 
year  showed  this  to  be  unimportant.  Samples  which  were  not 
analyzed  as  fresh  fruit  were  treated  with  pure  mercuric  chlorid  and 
stored  for  analysis  later,  0.2  gram  being  used  for  400  cc  of  juice.  A 
correction  for  the  use  of  mercuric  chlorid  was  found  to  be  unneces- 
sary when  the  pure  crystallized  salt  is  used.  The  results  on  acid  in  a 
juice  are  usually  lower  if  the  sample  has  stood  in  a  bottle  for  some 
time,  owing  to  the  precipitation  of  crude  "tartar.''  Tests  on  a 
number  of  varieties  showed  this  to  amount  approximately  to  0.064 
gram  per  100  cc  for  white  juice  and  0.051  gram  for  red  juice.  The 
results  given  in  the  table  are  not,  however,  affected  by  this  fact, 
because  the  acid  was  determined  in  the  fresh  juice. 
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The  results  for  1909  are  summarized  by  varieties,  bringing  together 
all  the  samples  collected  in  each  locality.  These  data  are  foimd  in 
Table  II  (p.  21).  The  composite  samples  from  the  individual  wine 
cellarsL  are  arranged  together  without  reference  to  the  locality  from 
which  the  crops  came. 

The  year  1909  was  remarkable  for  the  very  heavy  crop  of  fruit 
borne  on  the  vines.  It  was.  commonly  remarked  by  the  growers 
that  such  an  abundant  crop  had  seldom  been  produced.  But 
unfortunately  the  latter  part  of  the  season  was  very  unpropitious 
for  the  ripening  of  the  load  of  fruit  with  which  the  Catawba  vines 
were  weighed  down.  Ck)ld,  rainy  weather  set  in  when  the  main 
crop  was  barely  colored,  and  this  continued  with  slight  intermission 
until  actual  freezes  injured  the  foliage,  with  the  result  that  in  some 
vineyards  a  considerable  portion  of  the  crop  did  not  mature  and  was 
either  a  total  loss  or  was  sold  at  low  prices — ^from  $12  to  $15  per  ton. 
A  considerable  number  of  these  pale  Catawba  samples  were  tested  for 
sugar  and  acid  and  found  to  run  from  2  to  4  per  cent  lower  in  sugar 
and  about  2  per  mille,  i.  e.,  per  1,000,  or  0.2  per  cent,  higher  in  acid 
than  the  average  mature  grapes.  In  1909  every  variety  to  which 
special  attention  has  been  called  (namely,  Clinton,  Concord,  Ives, 
and  Norton  of  the  red- juice  grapes,  and  Catawba,  Delaware,  and 
lona  of  the  white-juice  grapes),  shows  a  sugar  content  from  1  to  4 
per  cent  lower  than  in  1908,  and  the  acid  is  higher.  Yet  even  in  this 
admittedly  very  unfavorable  year  the  grapes  were,  on  the  whole,  of  a 
good  quality.  It  is  notable  that  out  of  16  samples  of  Catawba  juice 
secured  from  a  single  cellar  only  2  fell  below  the  average  of  16.31 
per  cent  of  sugar  for  the  entire  84  samples  from  all  sources  in  Ohio, 
and  that  the  acid  was  only  slightly  higher  than  the  average  in  8 
instances  out  of  the  16.  Thus  even  in  a  bad  crop  year  it  is  shown 
that  fruit  of  very  fair  quaUty  can  be  selected.  The  16  juice  samples 
mentioned  were  from  selected  crops  bought  for  making  champagne 
wine  and  indicate  that  the  quality  of  the  fruit  can  be  greatly  aflFected 
by  the  method  of  growing  the  crop. 

mVESTieATIOK  OF  1910. 

The  season  of  1910  was  marked  by  the  almost  total  failure  of  the 
grape  crop  in  some  sections  of  the  northern  fruit  belt,  due  to  the 
severe  late  spring  frosts.  However,  the  Lake  Erie  and  central 
New  York  districts  gave  about  40  to  60  per  cent  of  a  crop.  On  the 
whole  the  quaUty  of  the  crop  was  in  most  instances  quite  equal  to 
tliat  of  1908.  The  sampling  work  was  extended  to  cover  more  fully 
the  two  districts  mentioned,  and  a  few  samples  of  Concord  grapes  were 
secured  from  Michigan.  The  manipulation  of  the  samples  was  the 
same  as  previously  noted,  and  all  deferred  analyses  were  completed 
by  December  20,  1910.     A  large  number  of  varieties  were  analyzed 
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which,  judging  from  the  results,  are  of  Uttle  importance  for  the 
manufacture  of  grape  products,  but  it  was  thought  best  to  include 
in  the  investigation  all  varieties  found  in  the  districts  covered  for  a 
period  of  several  years,  so  that  the  data  accumulated  might  be 
exhaustive. 

During  the  season  of  1910  the  work  was  furthered  by  the  hearty 
cooperation  of  the  New  York  Agricultural  Experiment  Station,  both 
at  the  main  station  at  Geneva  and  at  the  grape  station  at  Fredonia, 
N.  Y.  Prof.  Hedrick  and  his  colleagues  collected  and  forwarded  all 
the  samples  from  Geneva  and  from  the  Chautauqua  grape  belt.  In 
the  Lake  Keuka  district  the  very  efl&cient  cooperation  of  Mr.  L.  D. 
Masson  at  Hammondsport,  N.  Y.,  and  of  Mr.  W.  N.  Wise  at  Penn 
Yan,  N.  Y.,  was  secured.  For  the  important  grape  district  about 
North  East,  Pa.,  Mr.  Fred  Johnson,  agent  and  expert  for  the  Bureau 
of  Entomology,  in  charge  of  the  investigation  of  grape  insects  at  that 
point,  was  authorized  to  collect  and  forward  samples  of  fruit  to  the 
Sandusky  laboratory,  which  he  did  in  a  most  satisfactory  maimer. 
For  the  Lake  Erie  islands  Mr.  Henry  Elfers  at  Kelleys  Island,  Mr. 
H.  J.  Bums  at  Middle  Bass,  and  Mr.  R.  Siefield  at  North  Bass,  ren- 
dered very  valuable  assistance  in  collecting  and  forwarding  samples. 

The  tabular  presentation  of  the  analyses  for  1910  follows  the  same 
plan  as  that  of  the  two  previous  years  and  is  sufficiently  comprehen- 
sive to  warrant  careful  study  both  by  the  grape  grower  and  the  manu- 
facturer of  grape  by-products.  (See  Table  III,  p.  27.)  It  is  not 
warrantable  at  this  time  to  theorize  on  the  results  of  these  three  years 
of  investigation  further  than  to  point  out  the  remarkably  good  qual- 
ity of  such  varieties  as  Catawba,  Delaware,  lona,  and  others  of  the 
grapes  with  light-colored  juice  and  also  the  rather  unexpected  high 
sugar  content  shown  by  Concord.  Norton  and  CUnton  have  a  very 
good  percentage  of  sugar,  but  such  a  very  high  percentage  of  acid  as 
to  render  their  value  for  the  northern  grape  belt  problematical.  But 
Montefiore,  which  is  so  Uttle  grown  that  it  could  not  be  studiied 
sufficiently  to  determine  its  value  with  any  certainty,  has  much 
promise  because  of  the  low  acid  and  the  high  sugar  content.  If  it 
can  be  successfully  cultivated  this  should  prove  an  important  grape. 

A  tabular  statement  of  the  average  sugar  and  acid  content  for  four 
of  the  red  and  three  of  the  white  juice  grapes  commercially  accepted 
as  the  best  for  wine  making  in  the  northern  grape  belt  is  given  in  the 
following  table,  which  covers  the  data  for  the  three  years  during 
which  the  work  has  been  in  progress.  During  the  first  year  only 
Ohio  samples  were  examined,  but  after  that  time  samples  from  other 
localities  were  included,  except  in  the  case  of  Norton.  The  Ohio 
samples  are  given  separately  and  then  the  data  for  all  of  the  samples 
together,  since  that  district  is  so  much  better  represented  in  most 
instances,  and  also,  thus  far,  presents  some  indications  of  a  higher 
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sugar  and  lower  acid  content  than  fruit  from  the  other  States.  This 
is  an  interesting  point,  but  it  must  be  confirmed  by  a  more  complete 
examination  of  fruit  from  the  other  sources  before  a  definite  state- 
ment can  be  made. 

The  varieties  compared  include,  as  stated,  some  of  the  most  im- 
portant conmiercial  varieties,  and  also  represent  the  three  groups 
of  native  grapes  from  which  oiu*  cultivated  varieties  are  mostly  de- 
rived, namely,  the  Riparia,  Aestivalis,  and  Labrusca  groups,  as  well 
as  Vinifera  hybrids.  Further  investigations,  dealing  more  critically 
with  a  large  number  of  varieties  of  each  of  these  groups,  are  much 
needed. 

The  Delaware  and  lona  (Labrusca  and  Vinifera  hybrids)  have  a 
remarkably  high  sugar  and  low  acid  content;  Catawba,  a  Labrusca, 
with  possibly  a  strain  of  Vinifera  parentage,  shows  fairiy  high  sugar 
and  also  high  acid;  the  Ives  and  Concord,  pure  natives  of  the  Labrusca 
group,  are  low  in  acid  and  not  sufficiently  high  in  sugar  to  make  a 
claret  wine  of  the  usual  strength;  that  is,  from  9  to  10  per  cent  of 
alcohol.  Clinton  represents  the  Riparia  and  Norton  the  Aestivalis 
group  of  oiu*  native  species.  Both  of  these  can  be  grown  with  sufficient 
sugar  content  to  make  a  fine,  sound  wine,  but  they  are  strongly  acid. 


Companion  of  average  sugar  and  add  content  of  important  varieties  for  three  years. 

[pressed  In  grams 
specific  gravity.] 


[PeroenUge  data  calculated  from  results  expressed  in  grams  per  100  oc  (Tables  I-UI)  by  dlvkUng  by  tbs 


Samples  from  Ohio. 

Samples  fh>m  all  sooroea. 

Variety  and  year. 

Total  sugar. 

Total  add. 

Total  sugar. 

Total  acid. 

Number 

of 
samples. 

Amount. 

Number 

of 
samples. 

Amount. 

Number 

of 
samples. 

Amount. 

Number 

of 
samples. 

Amount. 

Clinton: 

1908 

5 
12 
3 

11 
40 
30 

19 
27 
18 

3 
11 
5 

25 
84 

84 

2 

22 
11 

1 
3 
5 

Percent. 
17.76 
16.14 
ia99 

16w20 
14.92 
ia77 

1&06 
14.05 
14.79 

22.79 
17.  »4 
ia53 

1&81 
16.31 
19.20 

22.84 
18.96 
22L02 

1ft  36 
17.82 
1ft  51 

5 
12 
3 

11 
40 
30 

19 
26 
18 

3 
11 
5 

25 
84 
84 

2 
17 
11 

1 
8 
6 

Percent. 
a998 
1.553 
L755 

.434 
.646 
.093 

.485 
.721 
.Oft3 

.907 
1.667 
L534 

.750 
L067 
.984 

.423 
.748 
.720 

.623 
.757 
.793 

Percent. 

Percent, 

1909 

16 
7 

16.90 
iai2 

i6 
7 

L638 

1910 

L872 

Concord: 

1908 

1909 

76 
88 

14.89 
1&75 

09 
88 

681 

1910 

.785 

Ives: 

1908 

1909 

30 
22 

1 

ia76 
14.82 

29 

22 

720 

1910 

.720 

Norton: 

1908 

1909 

t 

1910 



Catawba: 

1908 

1909 

91 
93 

i&59 
1ft  01 

91 
03 

L060 

1910 

L016 

Delaware: 

1908 

1909 

36 
28 

1&92 
1ft  67 

81 
28 

.762 

1910 

.808 

lona: 

1908 

1909 

4 
8 

lais 

1ft  16 

4 
8 

.770 

1910 

.921 
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SXSDUNGS  Am)  TTNXNOWN  YABIETIES. 

In  covering  as  large  a  territory  as  that  from  which  the  samples 
listed  in  this  report  have  been  collected,  naturally  a  number  of  seed- 
lings or  unknown  varieties  have  been  received.  Of  these,  nine  appear 
to  merit  special  attention.  For  convenience  only,  these  are  numbered 
from  1  to  9. 

The  first  mentioned  in  the  table  which  follows  was  foimd  in  the 
vineyard  of  Mr.  N.  Schneider  at  VermiUon,  Ohio.  He  states  that  it 
is  a  seedling  grown  by  him  some  years  ago  direct  from  Catawba,  and 
the  characteristics  of  the  vine  and  the  fruit  bear  out  his  statement 
as  to  parentage.  It  has  a  more  neutral-  flavor  than  Catawba  and 
when  fully  ripe  tastes  less  acid,  but  the  analyses  do  not  show  much  in 
its  favor  as  compared  with  the  parent  stock.  However,  its  vinous 
character  deserves  attention. 

The  second  of  these  seedlings  was  found  in  the  vineyard  of  Mr.  E. 
L.  Steuk,  at  Venice,  Ohio,  and  is  of  unknown  parentage.  The  full 
discussion  of  this  grape  given  in  Bureau  of  Chemistry  Bulletin  140 
renders  further  consideration  unnecessary.  Yet  it  is  important  to 
call  attention  to  its  very  low  acid  and  fairly  high  sugar  content.  The 
flavor  is  very  mild,  almost  insipid  when  ripe.  The  fruit  is  somewhat 
of  the  lona  type. 

The  seedling  secured  from  Mr.  J.  H.  Bauman,  Kelleys  Island, 
Ohio,  is  high  in  sugar  and  has  a  very  desirable  type  of  bunch,  the 
fnrit  is  red  in  color,  with  white  juice  and  good  flavor.  No  sample  of 
this  fruit  was  secured  in  1910. 

The  sample  from  Mr.  L.  C.  Dodge,  Middle  Bass  Island,  Ohio,  did 
not  show  up  well  in  the  analysis  for  1909,  but  in  1910  it  had  a  high 
sugar  content,  low  acid,  and  mild  flavor.  The  fruit  is  like  Catawba 
in  type,  and  it  is  perhaps  a  seedling  of  this  variety. 

The  seedling  from  Mr.  N.  Wagner,  Brownhelm,  Ohio,  showed 
remarkably  high  sugar  and  low  acid  for  the  year  1909.  No  sample 
was  secured  in  1910. 

The  sample  from  Mr.  H.  Ktbnmel,  Middle  Bass  Island,  Ohio,  shows 
only  a  fair  amount  of  sugar,  but  .the  acid  is  low  and  the  flavor  very 
good,  being  mild  and  vinous.  The  fruit  is  black,  and  the  bunches 
compact,  of  the  Norton  type.  Such  a  grape  might  be  desirable  to 
mix  with  Clinton  or  Norton. 

The  seedling  secured  from  Mr.  H.  Beatty,  Kelleys  Island,  Ohio, 
showed  very  high  sugar  for  1910,  and  low  acid  in  both  years.  It  has 
loose  bunches,  black  fruit  with  white  juice,  is  mild  in  flavor,  and 
might  be  desirable  for  blending.    Its  parentage  is  unknown. 

From  Mr.  J.  Schonhardt,  Venice,  Ohio,  two  samples  were  obtained, 
numbered  8  and  9  in  the  table.    No.  8  is  like  Concord  in  type  of 
bunch  and  in  color,  but  is  very  much  higher  in  sugar  content,  with  a 
6874^— BuU.  146-U 3 
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moderately  low  acid.  No.  9  is  Catawba  in  type,  with  a  remarkably 
high  sugar  and  low  acid.  If  these  last  have  such  growth  character- 
istics as  to  render  their  culture  practicable  they  can  not  fail  to  be  of 
commercial  value. 

Sugar  and  add  content  of  seedlings  or  unknown  varutia. 


Seed* 
ling 
No. 

FieM 
No. 

105 

91 

204 

122 

179 

241 

fiO 

131 

381 

491 

63 

331 

203 

09 

71 

348 

8 

41 

9 

229 

Orower  and  address. 


Date  of 
sampling. 


Total  sugar  as 
invert. 


Qrams.  Percent. 


Add  as  tartarie. 


Grams.  Percent. 


N.  Schneider,  Vermilion,  Ohio . 

....do 

....do 

E.  L.  Steuk,  Venice,  Ohio 

do. 

do. 

do. 

do. 


I  Island,  Ohio. 


J.  H.  Bauman,  K^eys  Island,  C 
L.  C.  Dodge,  Middle  Bass,  Ohio. 

do 

N.  Wagner,  Brownhelm,  Ohio . . . . 
H.  KOmmel,  Middle  Baas,  Ohio. . 

.....do 

H.  Beatty,KeUeys  Island,  Ohio.. 

do 

J.  aehonhardt,  Venice,  Ohio 

do 


Oct  7,1900 
Sept.  24. 1910 
Oct  2,1910 
Oct.  1,1909 
Oct  6,1909 
Oct  9,1909 
Sept  16, 1910 
Sept  26, 1910 
Oct  20,1009 
Oct  27,1900 
Sept  17,1910 
Oct  17,1909 
Oct  7,1909 
Sept.  21, 1910 
Sept  24, 1909 
Oct.  8, 1910 
Sept.  16, 1910 
Oct.     8, 1910 


21.21 
20.00 
19.95 
19.52 
17.41 
18.78 
19.96 
22.87 
20.48 
13.44 
19.01 
19.08 
18.87 
17.50 
18.41 
24.39 
22.43 
26.11 


19.42 
18.40 
18.85 
17.99 
16.21 
18.43 
17.42 
20.45 
18.76 
12.64 
18.32 
17.56 
16.90 
16.25 
17.06 
22.13 
20.46 
23.54 


0.979 
1.144 
1.006 
.521 
.478 
.460 
.820 
.439 
.988 
1.301 
.743 
.754 
.614 
.664 
.686 
.626 
.848 


o.ao7 

1.068 
.925 
.480 
.440 
.416 
.418 
.401 
.861 

1.223 
.684 
.604 
.473 
.616 
.607 
.668 
.763 
.616 


CRAPES  oEowv  nr  vntenriA,  i908-i»io. 

Formerly  Charlottesville,  Va.,  was  a  grape-growing  center  of  con- 
siderable importance,  but  the  very  destructive  ravages  of  black  rot 
from  1886  to  1890,  before  the  present  methods  of  controlling  this 
disease  were  developed,  among  other  factors  resulted  in  greatly 
reducing  the  area  of  grapes  in  cultivation.  There  remains,  however, 
a  small  but  important  industry  which  is  confined  chiefly  to  growing 
Norton  grapes  for  wine  in  the  Piedmont  section  of  Virginia.  This 
district  is  the  natural  home  of  the  Norton,  where,  under  careful  cul- 
tivation, it  grows  to  a  perfection  seldom  reached  elsewhere.  With 
the  exception  of  this  variety,  the  grape-growing  industry  is  of  very 
little  importance  in  the  Virginia  Piedmont.  During  the  years  1909 
and  1910,  however,  samples  were  obtained  of  all  of  the  other  varieties 
obtainable  from  the  local  wine  cellars  at  Charlottesville. 

The  Norton  is,  when  matured  properly,  such  a  valuable  grape  for 
red  wine  and  for  grape-juice  manufacture  that  it  is  worthy  of  a 
thorough  investigation.  There  is  also  every  reason  to  believe  that 
most  of  the  commonly  grown  American  grapes  can  be  produced  in 
the  Virginia  Piedmont  of  a  quality  quite  equal  to  those  of  other 
sections,  but  the  results  show  that  at  present  this  is  not  done.  How- 
ever, in  the  case  of  the  Norton  the  high  content  of  sugar  and  the  low 
acid  indicate  a  grape  superior,  in  the  main,  to  the  samples  of  this 
variety  from  other  districts. 
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The  climate  and  soil  conditions  of  the  Virginia  Piedmont  are  so 
different  from  those  of  the  northern  grape  belt  that  it  seems  best  to 
present  the  results  for  this  district  in  a  s^arate  table.  It  is  intended 
to  extend  the  investigation  of  the  composition  of  grapes  grown  in  the 
Atlantic  Coast  States  so  as  to  cover  the  territory  more  thoroughly 
and  to  secure  a  larger  number  of  samples.  The  data  here  presented 
are  not  sufficient  to  warrant  conclusions,  but  they  are  interesting 
and  show  the  possibility  of  producing  a  very  high  quality  in  at  least 
some  of  the  black  grapes  grown  in  this  section. 

The  samples  analyzed  at  the  Stonehenge  Laboratory  were  obtained 
through  the  courtesy  of  Mr.  A.  Russow,  of  the  Monticello  Wine  Co., 
and  were  taken  by  him  from  the  fruit  brought  to  the  wine  cellar  at 
vintage  time.  It  was  endeavored  to  make  the  sample  represent  the 
crop  as  delivered. 

For  1908  only  samples  of  Norton  were  obtained.  These  show  a 
very  high  average  sugar  content  and  an  average  acid  content  of  less 
than  1  per  cent.  This  is  certainly  a  high  quality  and  warrants  the 
statement  that  such  a  juice  needs  very  little  change  in  composition 
for  wine  making.  The  maximum  sugar  content  foynd  ot  22.34  per 
cent,  with  0.902  of  total  acid,  is  phenomenal  for  a  stripy  American 
grape.  A  comparison  of  the  three  years'  results  on  Norton  shows 
that  the  same  vineyard  has  in  each  year  yielded  the  maximum 
quality,  the  average  for  the  three  years  being  above  22  per  cent  of 
sugar  and  8  per  mille  of  acid  (i.  e.,  per  thousand,  or  0.8  per  cent). 
In  several  instances  the  sampling  of  the  Norton  gnpes  covers  a 
period  of  from  four  to  seven  days,  yet  there  is  no  marked  diflFerence 
shown  in  composition.  The  question  of  the  changes  in  percentage 
of  acid  and  sugar  in  the  grapes  grown  in  this  district  needs  a  thorough 
investigation. 

During  1909  and  1910  the  sampling  of  several  crops  of  Concord 
grapes  idso  covered  a  period  from  four  to  seven  days,  and  decided 
improvement  was  shown  in  some  of  these  crops  during  this  time, 
while  in  other  cases  it  was  slight.  The  sampling  of  several  crops  of 
Ives  for  like  periods  shows  no  decided  results  in  favor  of  the  later 
pickings,  and  in  some  cases  a  deterioration  is  indicated.  These 
data  are  by  no  means  to  be  accepted  as  proof  that  the  crops  actually 
deteriorated.  The  question  needs  a  careful  investigation  of  reserved 
vines,  which  can  be  studied  for  a  much  longer  period,  before  it  can 
be  definitely  answered.  In  the  opinion  of  the  writer  none  of  the 
results  for  Concord  and  Ives  show  the  quality  which  may  be  produced 
by  thoroughly  maturing  these  varieties.  Table  IV  (p.  35)  presents  the 
average  data  obtained  on  these  Virginia  grapes. 
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TABXTLATIOV  OF  AVALTTICAL  DATA  OV  SAMPLES  COLLECTED 
AT  SAVDXTSKT,  OHIO. 

DATA  FOB  1908. 

Table  I. — Average,  maximum,  and  minimum  data  for  1908,  arranged  by  variHies  and 
localities.    {Analyses  by  Hartmann  and  £off.) 

[Results  expressed  In  grams  per  100  oc  of  expressed  juice.] 


Variety  and  locality. 


Total  solids. 


Sugap-frae 
solids. 


Sugar  as  InTMt. 


AddastartailD. 


BXOCHUS. 

Vermilion,  Ohio 

Catawba,, 

Kelleys  Island,  Ohio. . . 

Middle  Bass,  Ohio 

North  Bass,  Ohio 

Port  Clinton,  Ohio 

Put  in  Bay,  Ohio 

Vermilion,  Ohio 

Ayerages,  limits,  and 
totab 

Clinton. 

Huron,  Ohio 

North  Bass,  Ohio 

Vermilion,  Ohio 

Averages,  limits,  and 
totab 

Concord. 

Berlin  Heights,  Ohio. . . 

Brownhelm,  Ohio 

Kelleys  Island,  Ohio 

Marbfehead,  Ohio 

North  Bass,  Ohio 

Sandusky,  Ohio 

Vermilion,  Ohio 

Locality  not  given 

A  verges,  limits,  and 

Delaware. 
North  Bass,  Ohio 

lONA. 

Vermilion,  Ohio 

Isabella. 

Kelleys  Island,  Ohio . . . 

Ives. 

Catawba  Island,  Ohio. . . 

Ceylon,  Ohio 

Danbury,  Ohio 

Huron,  Ohio , 

Marbldiead,  Ohio 

Put  in  Bay,  Ohio 

Vermilion,  Ohio 

Averages,    limits, 
and  totals 


19 


22.1 


23.28 


23.46 


23.00 


2.77 


2.82 


20.51 


20.74 


20.27 


1.205 


1.215 


I.IM 


21.2  22.08 
10.9121.70 

10.3  20.89 
21.6^22.42 
21.122.74 
10.120.41 


24.67 


21.83 


23.25 

24.57 


21.50 
21.59 


2.21 
2.13 
2.09 
2.11 
2.23 
2.00 


2.30 


2.23 
2.70 


1.04 


2. 
1.87 


20.77 
10.57 
18.80 


22.73 


10.48 


0020.3021.0210.50 
20.5122.70110.57 

18.41 


.825 
.743 
.855 
.760 
.830 


1.013 


.675 


.788   .750 
.on    .66B 


20.9  22.64 


21.59 


2.19 


2.70 


1.87 


20.45 


22.73 


10.48 


.775 


1.013 


.668 


22.5 
18.9 
19.7 


23.45 
19.21 
20.07 


21.2 


24.01 


22.54 


2.64 
2.78 

2.56 


2.81 


2.49 


20.81 
16.43 
17.51 


21.43 


19.73 


075 
1.265 
1.215 


1.125 


.863 


21.03 


24.04  22.54 


2.65  2.81   2.40 


19.2821.43 


10.73 


1.081 


1.125 


.866 


10.820.73 
18.218.74 
19.5  20.57 
17.2,18.16 
18.619.89 
17.617.83 
17.618.74 
16.7,16.70 


20.83 

io.'o? 

26."  60 


1 

1.68 

1.90 

1.21 

1.69 

2.08 

1.74 

1.40 


2.20 
i.*79 
2."63 


18.3'10.12  20.8S 


16.88 


1.72 


27. 27128. 46 


21.6 


26.09 


2.03 


1.51 

i 

i.46 


18.80 
17.06 
18.67 
16.95 
18.10 
15.75 
16.00 
15.30 


10.32 
ii'48 
i8.'57 


18.02 
i7.*73 
15*42 


.473 
.488 
.426 
.340 
.488 
.4M 
.495 
.544 


.473 
.678 
.'52i 


.379 


.460 


1.46 


17.40 


10.32 


16.42 


.466 


.578 


.379 


2.28   1.7825.24 


26.18 


24.31 


.467 


.405 


.439 


23.30 


2.21 


20.3  21.83  21.86 


21.80 


1.05 


.670 


2.03   1.86 


10.89 


19.94 


16.617.64 
17.018.37 
17.418.28 
19.121.19 
16.817.48 
17.2,18.03 
16.717.16 


18.66 
19.00 
22.72 

18."  14 
19.68 


16.13 
17.56 
18.48 

i7."93 
15.71 


1.80 

1.87 

2.05 

2.09 

1 

2.09 

1.96 


1.08 
2.06 
2.46 

2.'46 
2.11 


16 


17.0  IS.  f>'' 22. 72 


15.  n 


1.07 


2.46 


1.75 
2.04 
1.50 

i.*78 
1.79 


15.84 

15.40 

16.23 

10. 

15.60 

15.04 

15.10 


16.01 

16.06 

22 


1021 


16.36 
17.74 


10.83 


14.28 
15.50 
16.16 

15*53 
13.62 


.656 


.4U 


.379 
.553 
.506 
.400 
.514 
.603 
.510 


.606 
.525 
.555 


.461 
.488 
.375 


.776 
.551 


.431 
.431 


1.50 


16.12 


21.22 


13.62 


.610 


.776 


.375 
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Table  I. — Average,  maxifnumy  cmd  minimum  data  for  1908,  arranged  by  varieties  and 

localities — Continued . 


Variety  and  locattty. 


Total  aoUds. 


Bugar-fr«e 
solids. 


Sugar  as  invert. 


Add  as  tartaric. 


MoimiiORB. 
KeUeys  Island,  Ohio . 

NOBTON. 


Huron,  Ohio 

KeUeys  Island,  Ohio . 
Venioe,  Ohio 


(1)    26.62 


1.82 


25.4  27.17 
28.630.55 
25.4  27.38 


3. 

8.28 

3.00 


Averaises,    limits, 
and  totals 


26.528.37 


RlBSUNO. 

KeUeys  Island,  Ohio.... 

SCHBAiiyr. 
North  Bass,  Ohio 

SODUVO  (SCHNKIDEB)  .  . 

VennHion,  Ohio 


20.65 


21.20 


25.028.17 


3.00 


2.06 


2.97 


2.33 


24.80 


24.12 
27.32 
24.38 


25.27 


18.67 


18.23 


25.84 


.401 


1.013 
1.010 


1.006 


1.2<J4 


.540 


1  Brlx  not  read. 
DATA  FOB  1909. 


Table  II. — Average,  maximum,  and  minimum  data  for  1909,  arranged  by  varieties  and 
localities.    (Analyses  by  Hartmann  and  Eoff,) 

(Resalts  expressed  In  grams  per  100  cc  of  expressed  Jnloe.] 


Variety  and  locality. 


Total  solids. 


Sugar-free 
solids. 


Sugar  as  invert. 


Add  as  tartaric 


Aqavam. 


North  East,  Pa. . 
Ripley,  N.Y.... 


16.7 
0) 


17.60 
22.07 


2.16 
1.81 


16.54 
22.26 


1.043 


Averages,    limits, 
and  totals 


Bacchus. 


U6.7 


19.  { 


17.90 


KeUeys  Island. Ohio. 
Middle  Bass,  Ohio... 
North  Bass,  Ohio.... 
SaDdosky.Ohio*.... 
Brocton,N.Y 


21.0 
21.9 
0) 


23.121.. 
24.37,25.17;23.51 


44.  Ofi^ 

V,    22.20^. 
22.625.09!. 


21.4 


22.83'!. 


Averages,    limits, 
and  totals 


4.21 
4.22 
4.10 
4.56 
3.33 


4.30  4.16 


1521 


18.91 

20. 

18.10 

20.53 

18.50 


.840 


1.996 
0119.301.587 
..2.156 
..  1.672 
..1. 


1.8161.620 


4  21.823.7625.1723.51 


4.12 


4.30  4.16 


19.  f>}  21.  or  19. 30 


1.8161.620 


1  Brix  not  read, 
s  One  sample. 


«  A.  Schmidt,  Jr.,  A  Bros. 
4  Only  6  samples. 
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Table  II. — Average^  maximum,  and  minimum  data  for  1909,  arranged  hy  var%etie9  and 

localities — Continued . 


Variety  and  locality. 


Total  solids. 


Sugar-ftoe 
solids. 


Sugar  as  invert. 


Aoidastartsrie. 


Brighton. 


Venice,  Ohio 


u: 


Averages,    limits, 
andtotjetls 


Campbell's  Eaelt. 


Kelleys  Island,  Ohio. . 
Clinton. 


BrownheUn,  Ohio.. 

Huron,  Ohio 

Middle  Bass,  Ohio.. 
North  Bass,  Ohio... 
Sandusky,  Ohio  ». . . 
Sandusky.  Ohio  *. . . 

Venice,  Ohio 

North  East,  Pa 

Bluff  Point,  N.Y.. 
Brocton,N.  Y 


Averages,    limits, 
and  totals 


Catawba. 

BrownheUn,  Ohio. 
Danbury,Ohlo — 
Euclid.  Ohio. 


Kelleys  Island,  Ohio 

Middle  Bass,  Ohio 

North  Bass,  Ohio 

Put  in  Bay,  Ohio 

Sandusky,  Ohio: 

American  Wine  Co. . . 

Bass  Island  Vineyard 
Co 

Duroy  &  Haines 

Engels  &  Krudwig 

A.  Schmidt,  jr.,  & 
Bros 

Sweet  Valley  Wine  Co 

Venice,  Ohio 

North  East,  Pa 

Brocton,  N.  Y 


Ripley,  N.  Y.. 
Sheridan,  N.Y. 


verages, 
and  totals. 

Concord. 


Brownhelm,  Ohio 

Catawba  Island,  Ohio. . 

Danbury,  Ohio 

Euclid,  Ohio 

Gypsum,  Ohio 

Kelleys  Island.  Ohio. . . . 

Middle  Bass,  Ohio 

Noble,  Ohio 

North  Bass.  Ohio 


18.920.82 


0) 


25.30 


2. 25 
2.73 


18.37 
22.57 


.611 


18.922.06 


2.48 


20.47 


0) 


15.94 


«22.1 

s^ 

20.0 
«18.7 
22. 
21.2 
18.9 


9524. 


21 

25.67 

24.27 

22.43 

25.17 

21.78 

18.92 

24.70 

23. 

20.40 


59 
21. 4i 


19.97 
9i 


3024. 


19.31 
26.'44 

ii.' 

2i*70 


2.33 


4.23 

3.89 

3.84 

3.56 

4.88 

3.87 

4.06 

4. 

4. 

4 


4.26 

3.66 

4.26 
4." 


i.64 

18  4.191  4.18J19. 
1.03 


4.21 
3.'47 
3.82 

"i. 


17.75 


17.7220.38 
21.78 
20.43 
17.36 
20.29 
17.91 
14.87 
2a  06 
12 
16.46 


12 


20.9 


22.07 


24.91 


17  A 


4.06 


4.26  3.47 


5» 


21.96 

20. 

19. 


23.07 


16 


19.7 
19.1 

19.3^0.09^22.25^19. 

19.7 
•19.9 
M9.0 


21.13 
21.69 
20.83 


23.20 
23.35 

22.80 


20.86]  3.27  3.76  2,7918.6019.31 

2.73 17.76 

2.87 16.76 

.34  2.90  3.66  2.4118.09 

19.60  2.49  2.82  2.32|l8.63 

18.84  2.50  3.18 

18.481  2.70  3.32 


>19.0 


20.80 


1»19. 


.2 
18.9 
20.3 


21.04 

21. 
22. 


20. 60  21.461 19. 

20.77 

22.16 


17. 2!  18. 27 


18.0 
W19.3 
17.4 
16.8 
19.2 
17.9 


19.18 

20.37 

19.01 

17. 

21.07 

19.42 


91 


54 


19.0 


16.9 

«16.2 

0) 


19. 

21.15 
23.13 
19.60 

1.26 


8619. 


3      3  « 17. 8 17. 58 18. 97 


17.918.19 
•18.8,20.07 
16.518.04 
0)  18.08 
18. 218. 331 


20.39 


1619. 


0017. 


22.8023.3516.47 


17.75 

17.6619.81 

19.79 


21.81 
19.84 


19.44117. 


.09 
18.01 
18.92 
18.40 
16.47 


16.68 


19.08 
16.99 


2.85  3.62 


2.84 
2.77 
3.58 

2.15 
2.33 
2.82 
3.01 
3.07 
2.29 
2.20 


2.48 
2.03 
16.52^  2.32 
2.73 
2.30 
2.16 
2.06 
2.66 
2.50l 


'.'25! 


3.60 
3.10 


2.17 
2.47 
3.22 
3.21 
3.55 


2.72  3.76 


2.86 
2.66 


2.85 
2.50 


3.07 


2.23 


2.14 
2. 


2.13 
2.16 
2.25 
2.89 
2.59 


1.84 


13.61 


.784 


15.05 


16.97 


1.9352.130^1.740 

1.456. 

1.730. 


16.7ft 


14.01 


20.72 


17.8020.72 


2.41 

2.32 

2!  03 19. 18  21. 32 

2.11 


19.31 
20.88 


18.14 


18.01 


17.76 
1.01 
18.57 


4018. 


8618. 


5520. 


16.12 

16. 

17. 

16.00116. 

14.79 

18.78 

17.22 


17.91 


17.62 


1. 756 1.80B  1.708 

1.726.. 

1.628.. 

1.5681.932(1.300 

2.220.. 

1.94612. 070|1. 

2.1301.. 


14.01 


1.7771.8081.300 


18.071.203 
1.486 
1.240 

16.93|l 


19.68 
18.81 


17.151 
16.381. 
15.97 


16.77 


18.84 
19.05 


16.191. 


16.35 


16.8614.92 
6815.85 


Lll 

66 

16.67 


20.11 


14.01 


17.2614.60 


LOOlS-mLO? 

15.72 

15.33 

17.42 

15.89! 
1. 81117. 91|19. 
1.8415.98,18.0014. 
....15.42 
1.6115.8416.81 


15.73 
15.51 
12.92 


9916. 


14.8 


1.3161.001 


2781 
0331 
0241 


384 

.174 

181 


1.163 
.881 
.844 


1.0061.335   .960 


1.175 1.5S2 


.M5 


.1201 


1 
1.226 


1.702   .866 
.256   .968 


.1901 
.207*2. 


1. 113)1.181 
1. 
l. 

1.527 
1. 

1.144 
(») 


1.058 

.2381.163 

4321.056 

1.6421.410 

9721.612 


12.931.167 


2.432 


.844 


40 
40  ». 


.841 
.533 
.672 
.620 
.533 
.629 
.720 
.634 
.7® 


.030 


.606 
.'555 


.776   .525 
l.'656l'.'46i 


1  Brlx  not  read. 

•  One  sample. 

»  Engels  &  Krudwig. 

*  A.  Schmidt,  jr.,  &  Bros. 

*  Eight  samples. 

•  Five  samples. 


7  Sixteen  samples. 

*  Twelve  samples. 

*  Three  samples. 
10  Four  samples. 
>i  Add  not  made. 
I*  One  add  given. 
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Table  II.— Average^  maximum,  and  minimum  data  for  1909,  arranged  by  varieties  and 

loeaUties — Contmued . 


Varisty  and  locality. 


Total  solids. 


Sugar-free 
solids. 


Sugar  as  invert. 


Aoid  as  tartaric 


COROOBD— Continued. 

Port  Clinton,  Ohio 

Put  In  Bay,  Ohio. 

Sandusky,  Ohio: 

Bass  Island  Vineyard 
Co 

Bngels  A  Kradwlg 

Sweet  Valley  Wine  Co. 

Jno.  Dom 

Venlce.Ohio 

North  East,  Pa. 

Bhifl  Point,  N.  Y 

Bn)cton,N.Y 

Hammondsport,  N.  Y. . . 

Keuka,N.Yr... 

PennYan,N.  Y 

Pnlteney.N.  Y 

RipleT,N.Y 

fflSridan.N.Y 

Wayne.N.Y 

WestfieM,N.  Y 

Averages,    limits, 
and  totals 

Ctnthiana. 

PatinBay,Ohlo 

DXLAWAXE. 

Brownbelm,  Ohio 

Danbury.  Ohio 

Bnc&d.Ohio 

Kelleys  Island,  Ohio.... 

Kiddie  Baas,  dhlo 

Noble,  Ohio 

North  Bass.  Ohio 

8«ndU8ky,  Ohio: 
Sweet  Valley  Wine  Co. 

Venice.Ohio 

Nortti  feast,  Pa. 

Bhiir  Point,  N.  Y 

Biocton,N.Y 

Hammondsport.  N.  Y. . . 
P«mYan.K.V 

2ayne.ft.Y 

Weetfidd,N.Y 

Averages,  limits, 
andlotals 

DUITA. 

KeUeys  Island,  Ohio.... 
Elvda. 

vS£?S&,°!^:::::::: 

Avenges,    Umits, 
andtotato 


76 


8 


16.617.0017.2016.60 
2^  18.319.4620.4018.43 


1.96 
1.97 


2.25  1.80 
1.09   1.05 


15.04 


15.37 


17.4918.50 


14.800.6110.6600.566 


16.48 


12     11 


17. 
17. 

&>7 
«17.8 
17. 
17. 
17.3 
16.7 
16.3 
16.7 
15.5 
16. 
(') 
16.9 
16.3 


318.32 


018.32 

lfi.50 

17.80 

18.74 
018.19 
918.82 

18.39 

17.77 

17.07 

17.64 

15.84 
817.8219.05 


21.23 
19.94 
19.86 

18.56 
17.93 
17.86 


16.65 
16.23 
17.62 
18.22 
17.62 
16.23 


17.90 

17.8017.80 

17.3118.06 


16.47 


17.80 
16.23 


2.55 

2.66 

1.90 

1.96 

2.39  2.79|  1.74 

2.02 

1.81 

2.06 

1.79 

1.88 

2.15 

1.80 

1.91 

1 

1.70 

2.14 


2.37 
1.91 
2.29 
1.80 


1.921  1. 


1.77 
1.71 
1.84 

[.78 


3518. 


2.03 


1.79 
2.41 


1.61 
2.00 


15.77 

15.66 

13.60 

15.84 

16. 

16.17 

17. 00 18.041 

16.32 

15.98 

15.2015.96 

15.49 

14.04 

15.91 

15.91 

16.10 

15.17 


4414.22* 
17.8514.22 
16.91 
15.93 
16.84 
14.42 


17.18 


14.64 


16.19 


16.01 


16.0614.22 


.645 


.739 
.713 
.930 
.724 
.742 
.874 
.729 
.847 
.613 
.753 
.716 
.615 
.827 
.829 
.600 
.893 


600  .600 


968 
1.076 

975 
1.046 

646 

814 


.521 
.716 
.488 
.640 
.581 
.705 


.915 


.780 


.735 
.990 


.645 
.799 


67 


17.0 


18.1421.81 


16.  S 


2.15 


3.07 


1.61 


15.99 


19.99 


14.01 


.748 


1.076 


.461 


(I)   24.14 


6.04 


19.10 


1.596 


24226.70^ 
19. 
20.89 


i. 


24.2624. 


22.81 

24.04 

6l»22.723.81 


30 
24.99 


24.20 
21.02 


21.3 

21.8(24. 
20.722. 
222. 


23.09 
25.21 
07 
46 
17 
99 


521 


20. 

20. 

21.6|23.88 

20. 

18.4 

21.0 

20.9 

17.3 


25.07 

25.43 
27.12 
25.49 
22.72 


22.78 

20.46 
23.20 
22.66 
22.20 


22.8621.04 


621 


75 
19.06 
22.08 
22.76 
18.56 


2.22 
2.70 
2.74 
2.21 
2.00 
2.50 
2.25 

2.32 
2.86 
2.55 
2.34 
2.94 
1.96 
2.84 
2.06 
1.95 
2.20 
2.13 
2.36 


2.46 
2.13 


16.65 
18.15 

1.9722.04 

1.80 


3.21 

2.46 
2.89 
2.67 
2.89 


2.19 


2a  81 
21.45 
21.47 


22.23 
23.04 


21.86 
18.89 


23.3420.50 


.706 
.906 
.803 
.765 
«.773 
.791 


.878 
.818 


.658 
.728 


1020. 


2. 
2.84 
2.43 
1, 


2.10 


76 
22.34 
21.64 
20.11 
19.23 
1.8520.03 


23.24 
24.28 


18.29 
20.41 


22.8220.22 


20.92 


19.31 


21.04 
19.70 
17.10 
20.73 
20.62 
16.20 


20.92 


19.19 


.735 
.943 

1.022 
758 

1.016 
.765 
.934 
.881 
.788 
.806 
.821 
.840 


1.031 
.739 


1.061 


.641 

.731 
.865 
963 


788  .728 


.808 


34 


20.9 


22.9725.4020.46 


2.36 


3.21 


1.80 


20.6124.28 


19.19 


,829 


1.061 


20.1 


19.1 


22.07 


20.06 


16.0617.85 
16. 41 1&  32 
17.17 


14.64 
14.51 


2.17 


1.96 
2.26 
2.61 
3.00 


19.90 


.950 


2.46 
3.25 


1 

2.78 


18.07 
13.82 
13.40 
14.17 


15.87 
16.07 


12.40 
11.13 


766 

906 

1.277 

1.069 


1.096 
1.354 


19.1 


16.6618.3214.61 


2.50 


3.26 


1.98 


14.29 


15.87 


11.13 


1.0021.364 


.716 


.641 


1.200 


.666 


1  Brix  not  read. 

*  Four  samples. 

•  Ten  adds  given. 


<Tv^o  acids  given. 
*  On  one  sample. 
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Table  II. — Average,  maximum,  cmd  minimum  data  for  1909,  arranged  6jf  varUiieM  and 

locaUUea — Continued. 


VaiiBty  And  looaUty. 


Total  soUds. 


Sugar-frw 
solids. 


Sugar  as  inirert. 


.Vdd  as  tartarie. 


a 

9 

I 


Etta. 

North  Baas,  Ohio 

Gbbbns  Early. 
KelleysIalaiid,Ohio... 

Out  Edel. 

Kelleya  Island,  Ohio  . . . 

Hats. 

Put  In  Bay,  Ohio. 

Habttord. 
Middle  Baas,  Ohio 

lONA. 

Kelleys  Island,  Ohio  . . . 

Put  in  Bay,  Ohio 

Brocton,N.Y 


13.9 


14.20 


O) 


18.46 


21.9 


23.77 


(») 


20.94 


19.1 


19.9 
19.3 
21.0 


19.60 


21.90 
21.83 
23.14 


22.36 


21.44 


2.96 


4.24 


3.67 


2.79 


2.04 


2.27 
3.02 
2.07 


11.24 


14.21 


20.20 


18.45 


17.56 


2.67 


1.87 


19.63 
1&81 
21.07 


20.49 


18.77 


.758 


1.144 


(«) 


.806 
.851 


Averages,    limits, 
and  totals 


ISABBLLA. 


20.0 


22.19 


22.3621.44 


Euclid.  Ohio 

Marblenead,  Ohio. 
North  East,  Pa.... 
Bluff  Point,  N.Y. 
Brocton,N.Y 


14.9 
16.6 
16.2 


15.56 
13.13 
15.94 
17.60 
17. 


17.67 


17.54 


2.41 


2.22 
2.21 
2.44 
2.00 
2.87 


2.67 


1.87 


19.78 


20.49 


18.77 


2.16 


2.02 


13.33 
ia92 
13.50 
15u51 
14.68 


15.52 


15.51 


821 
1.084 
1.140 
.872 
1.240 


Averages,    limits, 
and  totals 


16.1 


16.18 


17.67 


17.64 


2.27 


2.16 


2.02 


13.91 


16.5215.51 


Ives. 


Brownhelm,  Ohio. 
Huron,  Ohio. 


Kelleys  Island,  Ohio 

Middle  Bass,  Ohio 

North  Bass,  Ohio 

Sandusky,  Ohio: 

Engels  &  Knidwlg 

Sweet  Valley  Wine  Co. 

JohnDom 

A.    Schmidt,    Jr.,    & 

Bros 

Put  in  Bay,  Ohio 

Venice,  Ohio 

Vermilion,  Ohio 

North  East,  Pa. 

Hammond^rt,  N.  Y. . , 
Pulteney,  N.  Y 


M7.5 

•17.6 


18.73 
18.04 
16.15 


16.717.78 
»14.3;i4.79 

16.717.94 

17.018. 

18.9|20.81 

18.8120.28 
16.918.26 


19.44 
19.29 


19.00 
15.03 


18.69 
18.71 


17.64 
16.80 


16.57 
14.56 


16.62 
18.61 


3.05  3.45 

2.71  2.97 
2.78.. 

2.63  2.79 

2.20  2.30 

2.63  2.79 

3.29  3. 
3.83 


2.53 
2.45 


2.28 


1.008 


.855j 


.855 


.874 


.874 


15.6815.9915.11 
15.3316.3214.35 
13.37.. 
15.2516.21 


2.1112.5912.73 


416.6 

U7.4 

12.6 

14.9 

12.3 


Averages,    limits, 
andiotals 


25 


16.4 


Martha. 
Brocton,  N.Y.... 


17.2 


17.15 
17.30 
13.39 
15.85 
12.92 


18.06. 


18.58 
18.50 
17.75 


17.95 
15.22 
16.47 


3.11 

2.84 

2.59 

2.30 

2.22 

1. 

2.16 


19.44 


14.66 


2.67 


1.99 


3.19 
2.92 
2.73 


2.50 
2.96 


2.50 
1.81 
2.04 


3.62 


1.81 


15.31 
15.87 
16.98 

17.17 
16.42 
14.66 
15.00 
11.17 
13.47 
10.76 


14.72 


16.07 


16.19 
15.66 


16.08 
16.73 
15.71 


.9351.118 
.6371  .656 


14.29 
12.46 


14.03 
15.09 


.716!  .784 
.742   .765 

.661  .743 
.744j  .780 
.788 


14.76 
13.41 
13.74 


833 
697 
».815 
.775 
.776 
.083 
.904 


16.3212.46 


.768 


.840 


.786 
.994 

.844 


1.118 


.758 


.758 


.870 


.870 


.720 
.619 


.649 
.720 


.525 
.700 


.560 
.716 
.664 


.619 


1  Brix  not  read. 
*  .Void  not  made, 
s  One  sample. 


*  Two  samples, 
s  Four  acids  given. 
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Tablb  II. — Averoffe^  maximumf  and  rmnimum  data  for  1909,  arranged  by  varietiea  and 

Zooa^itiM— Conimued. 


Variety  and  locaUty. 


Total  floUds. 


Sugar-free 
solids. 


Sugar  as  inyert 


Add  as  tartaile. 


Mabion. 
North  Bms,  Ohio.... 

MONTEFIORE. 

Ktflsys  Island,  Ohio. 

Pat  In  Bay.  Ohio 

VsDioe,  Ohio 


ATcnces,    limits, 
andtoti 


otab. 

NiAOAKA. 


Biownhelm,  Ohio 

Dtobury,  Ohio 

Euclid,  Ohio     

Kflltoys  Island,  Ohio  . . 

Middle  Bass,  Ohio 

North  Bass,  Ohio 

North  East,  Pa. 

Bhiir  Point,  N.  Y 

Brocton,N.  Y 


Ripley,  N.  Y 
Weitfield,N. 


Y 

verages,    limits, 
and  totals 

Norton. 


EucUd,Ohio 

KeOeys  Island,  Ohio  . 
Middle  Bass, Ohio.... 

North  Bass,  Ohio 

Put  hi  Bay,  Ohio 

Sandusky.  Ohio: 

Engels  &  Knidwig. 
Vonio^Ohlo 


Averages,    limits, 
and  totals 


PoCKLOrOTOM. 


Pot  hi  Bay.  Ohio.. 

V«oioe,Ohio 

R!piey,N.Y 

A' 


limits, 


and! 

RmuNO. 

Brownhefan,  Ohio 

KeDeys  Island,  Ohio. 


and  toil 

ROOSBS. 

Broctoo,N.Y 

Sauuc. 
North  Btti,  Ohio.. 


limits. 


33.1 


2S.17 


U8.021.21 
)  24.64 
)    24.64 


28.  S5 


19.06 


4.40 


2.68 
3.27 
3.04 


20.77 


L718 


3.22 


2.10 


18.52 
21.27 
21.61 


20.13 


16.02 


.771 
.780 
.646 


1.073 


.460 


18.022.88 


23.36 


19.06 


2.92 


3.22 


2.16 


19.9620.13 


16.92 


8421.073 


16.9 

h 

18.3 
16.1 


21.86 
16.63 
16.82 
18.80 
18.74 
16.61 
19.67 
16.74 


20.0219. 
17.9315. 


18. 3120. 12 

16.6.17.7218.16 

16.716.44 


16 


15 


17.1 


17. 


17.9820.02 


16.66  2.22 


(«)  25.85 
19.520.94 
21.322.29 
2)  21. 
22.0,23. 


22.88 
94 
91 


84  21 


7923. 


21.70 
21.75 
23.67 


25.427.96.. 
24.226.7026.78|26.63 


11 

1 

1 
1 

3 


10 


22.524.0026.7821.70  4.49  5.51 


17.8 
17.9 


17.8 


(^ 


2  19.82L61 


18.6 


(«) 


19.26 
19.56 
18.19 


19.00 


21.88 


8  19.821.7022.6620.57 


20.23 


19.21 


33 


2.99 
2.66 
2.58 
1.80 
3.17 
2.68 
1.92 
1.48 
2.00 
1.84 
3.30 


.98 


1.83 
1.16 


1.80 


18.37 
12.97 
12.74 
16.50 
16.57 
12.93 
17.65 
15.76 
18.12 
15.88 
13.14 


713 
565 

661 
585 
076 
581 
781 
501 
600 
16.23^15.68^.666 
780 


17.9617.43 


16.13 


14.39 


.664 


.746 
.338 


.731 


.509 


3.34 
3.25 
4.49 
4.46 
4.21 

6.13 
5.20 


2.06 


4.T9 
4.72 

4. 


5.51 


1.16 


15.72 


17.9614.39 


.616 


4.18 
4.21 
4.19 


22.61 
17.69 
17.80 
17.38 
19.58 

21.83 


18.70 
17.54 
19.68 


1.456 
.11.770 
16.911.--" 
17.22ll.._. 
19.481.864 


8961. 
7181. 


4.9021.5021.7221.27 


1.996 

11917  2.078 1.756 


2.70 
2.51 
1.72 


4.1819.5021.72 


16.80 
17.26 
16.15 


16.91 


1.8122.078 


2.31 


16.85 


22.66,20.97 


2.94 
2.42 


2.47 


2.38 


18.94 
19.1820.18118.19 


2.59  2.47 


2.8810.1320.1818.19 


2.18 


1.60.... 


18.10 


17.61 


912 

740 

1.912 


1.880 
1.696 
1.816 


.926 
.666 
.618 


.700 


1.181 
750 


.825 


.804 


1.035 


.610 


1.696 


.675 


.676 


>  One  sample. 


*  Brix  not  read. 


« Two  adds  given. 
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BNOLOOICAL  8TUDIEB. 

maximum^  and  minimum  data  for  1909,  arranged  by  varietiet  and 
loealitiu — Continued . 


Variety  and  locality. 


Total  sfdlds. 


Sugar-free 
solids. 


Sugar  as  invert 


Add  I 


SCHRAIDT. 

Middle  Baas,  Ohio 

North  Btts,  Ohio 

Averages,    limits, 
and  totals 

Unknown  Obapes. 

Brownhelm,  Ohio 

Kelleys  Island,  Ohio 

Middle  Bass,  Ohio 

North  Bass,  Ohio 

Sandusky,  Ohio: 
A.  Schmidt,  Jr.,<&  Bros. 

Venice,  Ohio 

Vermilion,  Ohio 

Averages,    Umits, 
and  totals 

WiLDEB. 

Put  in  Bay,  Ohio 

Eablt  Wobden. 

Put  in  Bay.  Ohio 

Venice,  Ohio 

Averages,    limits, 
and  totals 

Woodruff  Red. 

Middle  Bass,  Ohio 


222.3723.88^21. 
21.70.. 


86 


4.05 
4.02 


6.74 


4.17 


17.41 
17.68 


17.6917.14 


8532.0401.666 


1. 
1.7261 


20.2 


22.15 


22.8821.86 


4.64 


5.74  4.17 


17.50 


17.69 


17.14 


1.8333.0401.666 


1 
2 
2 

1 

1. 

1 


20.1 
0) 
17.0 
20.3 

19.7 

0) 

21.5 


22.57 
21.98 
18.42 
21.10 


23.22 
20.36 


20.75 
16.49 


3.40 
2.56 
2.52 
3.71 


2.79 
3.05 


2.34 
1.99 


18.08 
19. 
15.91 
17.39 


4220. 


43 
18.87 


18.41 
13.44 


18.16 
23.83 


2.60 
2.65 


15.93 
21.21 


.754 
.797 
.906 
1.365 

.866 
.679 
.979 


038 

1.301 


.656 
.514 


19.1 


16.1 


20.8123.22 


16.49 


16.96 


2.83 


2.52 


3.06 


1.99 


0) 


19.68 


17.819.31 


2.90 
2.04 


17.8 


19.49 


2.47 


1       1    0)    17.27 


2.93 


18.0320.43 


14.44 


13.44 


8081.310 


.514 


1.020 


17.02 
17.47 


.780 


17.24 


.700 


14.34 


.409 


1  Briz  not  read. 
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DATA  FOA  1910. 

Tablx  III. — Average,  maximum,  and  minimum  data  for  1910,  arranged  by  varietiet  and 
looalitiei.    (Andlysei  by  Eoff  and  Treuthardt.) 

[Results  expressed  In  graios  per  100  6C  of  eicpressed  Juioe.] 


Variety  and  locality. 


Total  solids. 


^sST^       8ugarflsinvert.'AddS8tartarte. 


AOAWAlf. 


Fredonia,  N.  y . 
G^ievaTN.  Y.. 


Averages,    limits, 
and  totals 


AXBEB  QUXEN. 

Geneva,  N.Y 

AmSBICA. 

a«isva,N.  Y 

AiONU. 
Q«eva,N.  Y 

AsmoiTDACK. 

0«ieva.N.  Y 

Baochits. 

KeDeys  Island.  Ohio.. 
North  Baas,  Ohio 


Avenges,    limits, 
and  totals 


Baxst. 

0«iifTa,N.  Y 

Bell. 

Qeoeva,N.Y 

Big  Extra  10. 
0«neva,N.  Y 

BL4CK  EaOLB. 

<ltD«va.N.  Y 

BBIOHTOir. 

Put  to  Bay,  Ohio.... 

Vaiioe,Ohio 

J«Bdonia.N.  Y 

gensTaTN.  Y 

IHiltsney,  N.  Y 


Averages,    limits, 
tndlota' 


and  totals 
Bbowh. 

0«nefa,N.Y 

Btjilib  No.  1. 
Q«ieva,N.Y 


1&5 
17.9 


17.88 
19.16 


1&40 


17.36 


3.23 
2.62 


3.47 


2.9914.65 
ia54 


14.93 


14.36 


1.463 
1.106 


1.5161.410 


17.0 


la  30  la  40 


17.36 


3.03   3.47 


Z  99 15. 28 


14.9314.36 


1.344 


1.516 


1.410 


1    17.6 


1&63 


18.6 


ia65 


17.51&50 


11.912.35 


23.1 
24.6 


14.0 


20.1 


21.78 


16.517.01 


ia6 


17.8 
>2L8 
17.1 
1&7 
21.3 


19.3 


1&8 


2&38 
16w07 


2a  73 


14.59 


19.88,>21.88 


ia90 

22.2424.14 

1&40^ 

ia92 

23.07 


21.00i24.14 


16. 3& 


1       1   17.6iaia 2.16 


17.88 


19.16 


19.16 


2.61 


2.71 


L82 


2.16 


3.27 
a  34 


a  31 


2.47 


aoo 


a  10 


2L31 


2L50 
2.38 
2.19 
Z19 
.2.33 


2.33 


2.72 


2.40 


2.83 


2L83 


2.22 


1.93 


ia02 

I '..94 
16.68 

iai9 


22.11 
12.73 


17.42 


1Z12 


ia78 


ia9i 


17.57 


19.66 


ia40 
1.9819.87 
16.21 
17.73 
2a  74 


21.50 


ia67 


21.50 


ia64 


17.03 


1.436 


htm 


.821 


.911 


L714 
1.826 


1.770 


L159 


1.114 


1.466 


15w48 


1.011 


1.121 


.900 


16.79 


982 
713 
900 
803 
934 


.840 


630 


16.79 


.840 


L106 


I  One  sample. 
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Table  Ul.—Averaget  maximum^  and  minimum  data  for  1910,  arranged  by  varieties  and 

localitiei — Continuea. 


Variety  and  locaUty. 


Campbbll'8  Eaely. 


KeUeys  Island.  Ohio. 
Middfe  Baas,  Ohio.... 

Put  In  Bay,  Ohio 

Fredania,N.  Y 


limits, 


and! 

Gasman. 

0«Deva,N.  Y 

Catawba. 

KeUeys  Island,  Ohio.. 
Middle  Bass,  Ohio.... 


North  Bass,  Ohio. 
Put  In  Bay,  Ohio. 

Venice,  Ohio 

Vermilion,  Ohio 

Sandnslcy,  Ohio: 

Coolc's  Wine  Cellar. . . , 

Blufl  Point,  N.  Y 

Jerusalem,  N.  Y , 

Pulteney.N.  Y 

Urbana,N.  Y 

North  East,  Pa.: 

South  Shore  Wine  Co. 

Averages,    limits, 
and  totals 


CHAMnON. 

Geneva,  N.  Y 

Chautauqua. 

Geneva,  N.Y .'... 

Clevkneb  7-12. 

Geneva,  N.Y 

Clinton. 


North  Bass.  Ohio 

Venice,  Ohio 

Geneva,  N.Y 

Pulteney,N.Y 

North  Eiost,  Pa.: 
South  Shore  Whie  Co.. 


Averages,    limits, 
and  totals 


Clobta  19-2. 
Geneva,  N.Y 

COLBRAIN. 

Geneva,  N.Y 

COBBT. 

Geneva,  N.Y 


i 


03 


64 


18.7 
17.3 


2a  34 

1&84 


15l21&74|. 


1&4 


16.7 


lai 


21.0 
21. 
21.4 
2a7 
121.3 
2L7 

2a7 

2ao 

10. 6 
21.3 
2a3 


23. 14  2&  17  21.  46 
23.39  24.0021.78 
23.84,24.8022.83 
22. 82I24. 57  2a  23 
23. 09  24. 50  2a  89 
24.17 


13.2 


15.2 


17.8 


23.5 
4 
19. 
34.1 


2>23. 


20.8 


5  23.3 


Total  solids. 


16i3]i 


17.81 


ia73 


22.8523.41 

21.75 

21.28 

23.38 

22.31 


1&  0 19. 25 


123.38 
19.26 


2a023.07 


25.17 


14.30 


15.84 


18.71 


26.01 
23.89 

1.78 
26.46 


520. 


21.99 


2a  81 
19.23 


ia23 


25.91 


22. 0^  23. 14 
23.60 


(•) 


18.92 


15.8 


16.517.48 


15.03 


21.86 


21.02 


Sugar-free 


L84 
1.07 
2.28 
ZOO 


2.25 


3.44 


2.30 
2.46 
2.32 
2.52 
2.35 
2.51 

2.62 
2.80 
2.05 
Z60 
2.71 

3.15 


2.50 


X40 


2.34 


3.75 


3.68 
2.85 
4.60 
3.36 

3.72 


3.81 


3.00 


4.72 


2.15 


2.67 
3.02 
2.68 
2.73 
2.64 


a50 


2.02 
3.40 


3.56 


4.69 


3.04 


Sugar  as  invert. 


Addastartaclo. 


18.50 

16.87 
13.46 
13.41 


15.56. 


13.20. 


2. 02  2a  84  22. 
1.86  2a  03  22. 55 
1.88  21.52  22.87 
Z27  2a3022.01 
2. 10  2a  74  22. 21 
21.66 


70  la 


3.18 


2.80 
2. 81 


2a  23  2a  88 18. 
18.05. 
1&33 
2a  78 

ia60|2a65 


16. 201a  42 


1.86 


2a  51  22. 87 


31 
ia25 
2a  35 
17.06 
1&65 


11.00 


13.50 


14.06 


22.33 
3. 00  2a  04 

iai8 

23.20 


3.50 


23.01 


10.70 


iao3 


13.76 


18.77 


KLOll 

641 

1.042 

1.241 


17.88 
15.77 


.000 1.170  a  840 
L063il.3O5  .754 
1. 058  L  226   .705 

.  102  L  3:15  1.005 
1.0451.144,  .938 
LOOl 


1.001 
1.444 
1.606 
1.230 
1.286 


15.77 


17.17 


.884 


1.654 


1.720 


1.007 


.015 


1.043 


.106 


1. 
3. 
2.372 

i.Tae 


18.3610.6417.06X2603.404  2.036 


3.080 


1.088 
870 


1.21! 


■\:l 


.004 


L  906  L  462 


1.006   .754 


1172.56S 


1.616 


I  Four  samplea. 


9  Ona  sample. 


>Brlz  not  read. 
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Table  III. — Average,  maocimwn,  and  mimmwn  data  for  1910 ^  ammged  by  varietie$  and 

{oooZitiM— Continued. 


Variety  and  locality. 


1 


Total  solids. 


8ugar4t«e 
solids. 


Sogar  as  invert. 


Addas  tartailo. 


COKOOBD. 


KeDera 
Middle] 


.MJ,Ohio... 

a,  Ohio 

North  Baas.  Ohio 

Venice.  Ohio 

VennOion,  Ohio 

Brocston,N.Y 

Bluil  PoUit,  N.  Y 

Fredonla,N.  Y 

Q«neva,N.Y 

Hammondsport,  N.  Y. 

Jeniealem,  nTy. 

Pnlteney,  N.  Y 

aOrar  Creek,  N.Y 

Urbana,  N.  V.: 

DrbanaWineCo 

North  Ba^,  Pa 

Lawton,Mlch 


Averages,    limits, 
and  totals 


CBMrmustQ. 

Geneva,  N.Y 

CBOTOIf  11-4. 

0«neva,N.  Y 

T>AM8T  7-2. 

Geneva,  N.Y 

DnjiGO. 

Geneva,N.Y 

Dklawabs. 

IgOevs  Island.  Ohio. 
Ifiddle  Bass,  Ohio... 
North  Bass,  Ohio.... 


Venloe.01 
BhiflPotot.N.Y 
Fwkmla.N.Y... 
Geneva,  N.Y... . 
g^BondjRk>rt»  N.  Y... 

Rhetais,k.Y.::::: 

Urbana,  N.  Y: 
Urbana  Wfaie  Co. 

New  York  State: 
Name  lost 

North  Bast.  Pa 

Uvton,  loch 


Averages,    limits, 
and  totals 

DUMOMD. 

0«Deva,N.Y 


10. 
»18. 
19. 


oao.81 

420.8421.73 
9022.30 


621.1 


6*20.522.4323.43 


8.    ^ 


^8.10 
SO 
77 


17.01 
21.20 
21.50 


17.3 

18. 7  20.  KH21. 36^10. 60 

16. 


517. 


2      1 


29 


16.517.6919.37 


14.7 
16.5 


1&620. 
18.7 


15.42 
17.71 
15 
19.60 


15.16 


18.6616.76 
15.9117. 19  ii'46i5.'97 


16. 8 
17.7 
18.9 


17.66 

19. 

20.37 


ia45 


16.86 
12.90 
20.9919.13 


0423.01 


2.29 
2.44 
2.27 
2.66 
2.52 
2.09 
2.59 
2.41 
2.46 
2.53 
2.25 
2.41 
2.41 

2.25 
2.45 
2.40 


3.16 
2.59 
3.50 


8017. 


1. 

2.08 

1.96 


19.2316.08 
19.01 
18.88 


2.63 
i'66 
'i*66 


1.87 
i'63 
2.49 


19.4017.17 


2.61 

2.28 
2.76 
2.66 


2.21 

2.21 
2.17 
2.21 


18.52 
.41 
19.6320.17 
19.7620.37 
15.67 
18.16 
15.18 

15.1016.7212.67 
1X96 

15.1816.1014.26 
17.90 
17.19 
14.78 


0.623 
.801 
.660 
.679 
.840 
.786 
.926 
.925 

1.060 
.966 
.781 
979 


1.0690.611 


.671 
.886 


.606 


1.009 

i.ois 


.604 
.'796 
.006 


16.1913.361.0801.110  .910 


15.41 

16.582a 

17.97 


I 

16.1714.65 

4810.41 

18.7516.81 


.974 
.906 
.761 


9061 


979  .968 


.136 
.945 


.671 
.660 


18.019.4223.43 


12.90 


2.40 


3.50 


1.80 


17.05|2a48ia41 


.8341.069 


15.4 


16.18 


2.26 


13.4 


16.07 


18.019.29 


18.619.86 


3.23 


2.34 


2.61 


13.93 


11.84 


16.95 


17.26 


1.009 


.788 


.668 


727.51 

B26.61 
L626.26 

326.7727.54 
L522.96 


27.6224. 4f 


24. 
•23.6 

23. 
<24.3 

2a 

18.8120.42121.9919.63 
l&82ai5 

21.022.8723.12122.49 
2a  4  21. 97  23. 96r 
2a  121. 52 

22.4  24.41124.91123.91 


2.52 
2.41 
1 
25.3012.48 
3.14 
2.96 
2.41 
2.46 
2.38 
2.41 


19.86 


2a 

2a8 

22.6 


021. 


.41 
22. 38^2.72 
25i20 


22.04 


2.26 

2.42 
2.61 
2.54 


2.72 
2.'92 
'3."2i 


2.62 
2.52 


2.31 
2.'7i 


24.90 
23.76 
24.57 


2. 16  23.76251 47  22. 01 

I 


2. 21  24. 29  25k  24  23. 09 


2.75 


2. 

2.26 


2.20 


19.82 
17.47 
17.74 
41 
19. 
19.11 


22.1622.7121.60 


372a 


19. 24  la  42 

I. 

20. 60  2a  12 
.7017.50 


5021. 


18.99 

19.772aOl!ia53 

22.66 


24 


21.823.0227.62 


ia63 


2.49 


3.21 


2. 15  21. 36  2&  47 


16.42  .922 


17.910.08 


2.46 


16.58 


.641 
.841 
.724 
.773 

1.013 

1. 

1.166 
866 
968 

1.020 

.867 

Lom 

.981 
.946 


.900 

.'ssi 
I'.m 


.765 
1.078 


945  .743 
1.000  .919 


859  .866 


.994 


.968 


1.312 


.713 


>  Eighteen  samples, 
s  Foot  samples. 


>  Nine  samples. 
<  Three  saoiples. 
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Table  III. — Average,  maximum,  and  minimum  data  for  1910,  arranged  by  varieties  and 

toealiUee—Contmnea, 


Variety  and  looaUty. 


Total  aoUds. 


Sugar-free 


Sugar  as  invert. 


Addastartarle. 


DUNA. 


North  Baas,  Ohio 

Geneva,  N.  Y 

Pulteney,N.Y 

Hammondsport,  N.  Y... 


21.623.70 
19.621.23 


20.6 


22.  £9 


2L3  23.57 


2.35 
2.66 
2.41 
2.68 


2L86 
18.67 
2a  18 
2a  80 


AveraffeSi 
and  totals 

DvcBias. 


Geneva,  N.Y... 
Pulteney.  N.  Y.. 
Bheim8,N.Y... 


limits. 


2a822.80 


18.019.63 
ia92a34 


limits, 


Averages, 
andiotato. 

Easlt  Dawn. 

Geneva,  N.Y 

Easlt  Golden  5-^. 

Geneva,  N.Y 

Early  Victor. 

Fredonla,N.Y 

Eldorado. 

Geneva,  N.Y 

Elvira. 


Edlevs  Island,  Ohio. 
Middle  Bass,  Ohio... 

North  Bass.  Ohio 

Venice,  Ohio. 


Hammondsport,  N.  Y. . 

Pulteney.N.  Y 

Rhelins,N.Y 

Urbana,N.Y 


Averages, 
and  tot 


Umlts, 


•tals. 


Empirx  State. 


Put  in  Bay,  Ohio. 
Geneva,  N.Y 


Averages,   limits, 
and  totals 


EVICBLAN. 


North  Bass,  Ohio.. 

Geneva,  N.Y 

Rhelms,N.Y 

Urbana,  N.  Y.: 
UrbanaWbieCo. 


limits, 


17.8 


18.87 


18.3 


19.61 


17.618.66 


19.6 


2a  89 


16.6 


20.322.02 


2a 
ia5 

17.4 
17.8 
15.3 

lai 

1&5 
17.4 


622. 


17.1 


15.5 
18.7 


17.1 


14.9 
14.8 
19.8 

20.2 


17.69 


57 
17.14 

18.92 
19.05 

iai3 
ia70 

I&79 
18.74 


18.13 


laio 

20.18 


18.14 


20 


18.019.13 


a728 

1.200 

923 

L009 


2.63 


m 


21.5821.7521.41 


9     1  16. 8118. O7I2I. 67*14. 49  S.43' 


21.7521.41 


2.83 
1.82 
2.24 


17.30 
18.62 
16.63 


2.13 


2.34 


2.39 


2.39 


2.19 

2.72 

1.46 

2. 

2.47 

2.60 

2.78 

2.69 


17.48 


ia22 


18.60 


8.07 


19.63 


2.43 


1.86 
2.23 


2.05 


2.04 
2.39 
2.16 

2.17 


2.20  2.13 


2.18 


2.20  2.13 


S.61 


.965 


.750 
.638 
.814 


734 
1.066 


2a  38 
14.42 
17.46 
16.37 
13.66 
14.20 
13.01 
ia05 


.784 


.754 
1.060 
938 
906 
1.140 
1.264 
1.462 
1.144 


15.69 


1.063 


14.24 
17.95 


.848 
.569 


laio 


19.4210.(819.21 


2.85'15.64 


.704 


.964 


.9tta994a904 


ia95iaG219.21   .056 


.994 


10.83111. 


M  , 


,904 


9641.826 
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Tablb  III. — Average,  maxmwn,  andminimwn  data  for  1910,  arranged  by  varieties  and 

2ooaZitM»— Gontinuea . 


Variety  and  locality. 


Total  8oUd8. 


Sugar-free 
soUds. 


Sugar  as  invert. 


Addaatartaric 


Gold  Dust. 
0«ieva,N.Y 

OOLDBH. 

0«ieTO,N.Y 

Olehrld. 
QeoerajN.  Y 

Out  Edbl. 
KeDeya Island,  Ohio.... 

Hatss. 
Put  in  Bay,  Ohio 

Habttobd. 


Geneva,  N.Y... 
ftedook,N.Y. 


17.1 


18.94 


17.4 18.  eo 


16.517.26 


21.5 


23.20 


16.817.72 


2.53 


1.65 


2.60 


2.84 


2.56 


1&71 


17.04 


14.56 


20.36 


15.16 


0.604 


.420 


L106 


1.850 


1.118 


19.3 
14.7 


20.88 
16.71 


2.67 
2.25 


18.16 
13.46 


.004 


Averages,    limits, 
and  totals 


17.0 


1&27 


2.46 


15.81 


HXKBEBT. 

Q«nevm,N.Y 

HXXAMBB  24-20. 

Q«nevm,N.Y 

Hicks. 

Q«neva,N.Y 

luorou  Cnr. 
Q«oeva,N.Y 

lONA. 


Hlddto  Bass,  Ohio  . 
North  Baas,  Ohio.. 
V«nnllkm,0h4o.... 

geneva,  N.Y 

Portland,  N.Y.... 
Palteney,N.Y.... 


18.0 


10.13 


1   19.4 


20.10 


Averages,    limits, 
and  totals 


ISABKllA. 


w'5S!^lf;fv.:;:;:: 


Averages,    Itanits, 
andlotals 


15.0 


16w79 


18.8 


20.07 


0) 

21. 

21.5 

19.6 

21, 


23.17 

524.03 

23.67 

21.25 

1.83 

41 


26.07 
23. 


22.90 
1.46 


8823. 


523.i 


2L423. 


2.59 


3.74 


2.47 


2.26 


2.89 
2.47 
2.36 
2.83 
2.46 
2.51 


16.54 


16.36 


1.200 


1.245 


13.32 


17.81 


2.61 
2.38 


21.223.38 


26.0722.99 


2.48 


2.38 


19.1 
20.0 


21.04 
21.83 


20.021.88 
16.717.88 
16. 
17.1 


L26. 
M2. 


617. 


7910.58^16.31 
ia56... 


9  17.619.1519.5816.31 


2. 
2. 

2L11 

2. 

2.501  2.741  2.31 

2.67 


2.40  2.74 


2.31 


1.159 


20.78 
2.3221.57 
2.3421.31 
1&42 
21.37 
20.90 


22.46 
21.50 


2.32120.9022.46 


18.78 
19.71 
19.77 
15.44 
15.29 
15.89 


20.67 
21.12 


.998 


.664 


9041.1550.653 


20.671.004 


16.97 


16. 75  la  07 18. 87 


1.426 
1.046 
1.234 


.966 


.900 


13.87 


1.155 


.716 


.773 
1.016 
1.0281.076 


1.163 


.967 


.956 


1.076 


.966 


iBriz  not  read. 
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Tablb  III. — Average,  maximum^  and  mimmum  data  for  1910,  arranged  by  varieties  and 

loGaHHee — Continuea. 


VartetyandloctUty. 


Total  soUds. 


Sogar-lirae 


Sogtr  as  invert. 


Add  as  tartaric 


0€oeva,N.Y 

lYSS. 


Ceylon,  Ohio 

Danburv,  Ohio 

KelleTS  Island,  Ohio 

Middle  Bass,  Ohio 

Venice,  Ohio 

Vennlllon,  Ohio 

Bluff  Point,  N.  Y 

Hammondroort,  N.  Y. . . 
North  East,  Pa.: 
South  Shore  Wine  Co. 

Averages,    limits, 
and  totals 

JANX8VIIXK. 

Oeneva,N.Y 

LiNDLXT. 


Fredonla.  N.  Y. 
Geneva,  N.Y... 


Averages,    Umlts, 
and  totals 


LUOLB. 

Fredonla.  N.Y.. 
Geneva,  N.Y... 


Averages,    limits, 
and  totals 


Mabion. 

Geneva,  N.  Y 

MAsaAsorr. 

Geneva,  N.Y 

MnuB. 
Portland,  N.Y 

MI88OUU  ROBSLINO. 

KeUeya  Island,  Ohio. . . . 

MONTEnOBB. 

KeUeys  Island,  Ohio.. . . 
MooBX  Diamond. 

Fredonla,  N.Y 

MOOEX  Eablt. 
FrBdonla,N.Y 


16w6 


1&47 


18.419.3420.6518.45 

16.410.62 

17. 51 1&  63 


16.4 
U8.3 
20.1 


17.41 
18.66 
21. 


10.621.33 


17.0 
16.3 


22 


17.3 


1&6 


10.3114.03 


3.84 


13.63 


1.174 


3621 


2.43  2Ln 

2.71 

2.00 

2.47,  2.73 
10.8117.611  2.77;  2.06 
--*  44,21.281  2.45  2.66 


2.8216.0218.28 


10.42 
17.20 


18.22 


18.4221.44 


17.4 


16.516.18 
1&8|20.26 


17.218.20 


15.6 
(•) 


16.6 


10.021.0721.1520.00 


16.317.00 


20.0 


10.4 


(*) 


18.010. 


15.1 


16.16 
17.50 


16.87 


21.0022.0721.01 


20.78 


23.66 


16.87 


2.48,. 
Z5 


13.01 
16.64 

16.0216.68^12.37 

02 

1&80 


16.03  0.6780.844  0. 


2. 

2. 60^15. 80 16.86^14. 


16.18 


3.02|  3.06 


2.3618.01 
18.86 
16.00 


2.0614.18 


1&03 


.608 
.666 

.823 
.733 
.655 
.641 


.060    .713 
.746    .730 


16.14 


13.22 


1.151 


.075 


14.03  2.64 


3.63 


2.60 
2.40 


2.60 


3.08 


2.23 


15u88 


18.23 


12.37 


772L151 


13.06 


1.463 


13.44 

17.77 


1.166 
063 


15u61 


1.064 


2.70 
2.12 


13.45 
1&47 


.015 
.814 


2.41 


3.77 

1.88 

2.14 

2.42 

2. 

3.06 


14.46 


.866 


3.83 


2.15 


3.70 


2.13 


17.31 


1&21 


17.32 


17.29 


1. 666  L  610 1.623 


.764 


19.85 


10.0419.76 


18.36 


2L86 


16.46 


.741 


.941 


.784 


1.121 


.764 


.728 


>.04 


1  One  sample. 


•  Brix  not  read. 
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Table  III. — Average^  maximymy  and  minimum  data  for  1910,  arranged  by  varieties  and 

localities — Continued. 


Variety  and  locality. 


Total  80IM8. 


Sugar-free 
solids. 


Sugar  as  invert. 


Add  as  tartaric 


IfOTVB. 

Ftedonla,  N.  Y 

0«neva^\Y 

ATcra^ea,    limits, 
and  totals 

R.  W.  If  UN90N. 

OeoBvajN.Y 

Ncccuu 
0«neva,N.Y 

NIAOASA. 

North  Baas,  Ohio 

B«Dton,N.Y 

Fredonto,N.  Y 

G«ei^7N.Y 

P«mYan,N.Y 

North  Bast,  Fa.: 

Sooth  Shore  Wine  Co . . 
Uwton,Mlch 


18.620.00 


19.1 


ao.12 


2.60 
2.40 


17.60 
17.72 


0.780 
.641 


18.8 


20.06 


2.46 


17.61 


.ni 


14.7 


18.3 


16.48 


10.79 


19.2!21.06 

16. 

15.3 

12.9 

12.6 


616.01 
16.02 
13.42 
14.38 


21.54 


20.62 


1       1 
1       1 


17. 
17.0 


819. 


1.08 
18.03 


2.91 


2.53 


2.17 
2.21 
3.13 
2.06 
2.71 

2.37 
2.13 


12.57 


17.26 


.490 


1.256 


2.30 


2.08 


18.92 
14.70 
12.89 
11.36 
11.67 

16.71 
15.90 


19.2418.59 


.4480.450^X446 

.754.. 


.773 
.840 


.806 
.791 


^SdSS*'^ 


iotals 
Noah. 
G«»va,N.Y.... 

NOBVOUL 

0«»va,N.Y.... 

NOKTOK. 


8      7 


Venice.  Ohjw.... 
VenBUion,  Ohk> 


Avenges,    limits, 
andtotab 


OUTA. 

0«wva,N.Y 

PiXBCB. 

Q«»va,N.Y 

PocKLDraroN. 

vS^S,^!^::;:;:: 

Avenms.    limits, 


16.217.5021.5420.62 


2.37 


2.30 


2.03 


16.13 


19.24 


1&60 


.728 


16.517.33 


17.4 


1&58 


3.08 


2.48 


14.25 


16.10 


1.632 


1.144 


22.8 
23.9 
(!) 


24.27 
26.54 

24.1624.20 
526.01 


3.53 

3.65 

24.121  3.54 

3.85 


3.59 


8.49 


20.74 
22.89 
20.62 
22.16 


20.6320.61 


1.856 
1.522 
1.787 
1.462 


1.9421.632 


23.425.43 


24.20 


24.12 


3.62 


3.60 


3.49 


21.41 


20.63 


20.61 


1.942 


1.632 


17.018.16 


14.0 


14.87 


RlOAL. 

^«««ad,N.Y... 
('^"^^N.Y.... 


R00BI8N0.24. 
<5«en,N.Y 


17.8 
l&O 


19.16 
19.31 


2.19 


1.87 
2.53 


15.97 


12.421 


17.29 
16.78 


2  17.9 


19.24 


16.818.14 


17.9 
15.0 


2.20 


19.23 
16.66 


20.7017.75 


2.03.. 

2.27  2.361  2.18 


.J  2.47 
Bilx  not  read. 


17.04 


16.11 
16.75 
13.19 


.908 


1.253 


1.095 


.846 


1&  5214. 97 


.8S6 
.844 
1.238 


.960 


.728 
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Table  llL^Average,  maximumy  and  minimym  data  for  1910,  ammgtd  by  varieties  and 

localitUa—Contmned. 


Variety  and  locality. 


Total  solids. 


SugaMlree 


Sugaras  invert. 


Aoidastertaric 


ROOBBS  No.  32. 
0€neTa,N.Y 

RUPBBT. 

Geneva,  N.Y 

Salbm. 


North  Baas,  Ohio.. 
Blofl  Point,  N.Y. 
Pulteney,N.  Y.... 


10.9 


16.1 


17.86 


1&83 


2.42 


3.56 


16.43 


13.28 


20.522.49 
18.9  20.60 
22.224.41 


AveraseSt 
and  totals 

St.  Loins. 
Geneva,  N.Y 

SCHBAIDTES. 

Kiddle  Bass,  Ohio.. 
North  Bass,  Ohio... 


limits, 


20.522.51) 


16.2 


19.7 
20.9 


Averages,    Umits, 
and  totals 


Telbobaph. 
Fredonla,N.Y 

Tbiuhph. 
Geneva,  N.Y 

Unknown. 

Kelleys  Island,  Ohio... 

Middle  Bass,  Ohio 

Venice.  Ohio 

Vermilion,  Ohio 

Fredonla,N.Y 


20. 

16.3 

(0 


23.8 
n8.9 
23.6 
20.3 
16.1 


Averages,    limits, 
and  totals 


Tbaobdt. 
Geneva,  N.Y 

Veboennes. 

Geneva,  N.Y 

Portland,  N.Y 


0) 


18.1 

18.4 


and  totals. 

Wapbnuka. 
Geneva,  N.Y 

WiLDBB. 

FredonIa,N.Y.... 

WOBDEN. 

Venice,  Ohio 

FredoiiIa.N.Y.... 

Geneva,  N.Y 

Penn  ifan,  N.  Y  . . 


limits, 


ia3 


12.9 


15.6 


2n&3 
12.8 
13.8 
13.1 


Averages,    limits, 
and  totals 


1.58 

2.78 
2.63 


2.33 


15.76 


2.45 


21.15 
23.20 


22.18 
17.46 
16. 


26.43 
21.23 
26.02 
22.66 
17.62 


22.54 
28.49 
22. 


20.05 
24.38 
50 


72  22. 


21.0  23.11 


28.49 


20.06 


1&82 


19.50 
19.92 


20.26 


19.58 


19.78 


13.47 


ia49 


19.33 
13.49 
14.68 
14.20 


15.08 


22.51 
i4.'86l4.56 


5  14.317.88 2.36 


3.86 
3.93 


3.90 


3.56 


2.79 


Z04 
2.49 
2. 

2.68 
3.65 


2.63 
2.77 
2.72 


2.58 
2.17 


2.72 
2.31 


2.77 


2.50 


2.44 


4.05 


2.38 


2.34 
2.54 
2.45 
2.27 


2.95 


2.53 


20.91 
17.82 
21.78 


20.17 


24.39 
2.3018.74 


2.01 
2.64 


2.01 


2.11 


2.00 


2.36 


13.31 


17.29 
19.27 


18.28 
13.90 
14.09 


23.84 
ia23 
13.97 


19.91 
26.11 
20.00 


20.55 
16.65 


16.78 
17.62 


26.11 


18.15 


17.34 


9.42 


16.99 
ia95 
12.56 
1L93 


13.21 


16.46 


17.50 
22.37 
14.751 


14.75 


17.08 


2a  28 12. 13 


12.03 


1.181 


1.756 


.521 
.938 
1.024 


1.140 


1. 
1.556 


1.594 

1.256 

1.354 

,626 


6770.743a623 


657 
.075 
1.354 


848 
1.144 


.813 
.776 


1.163 
1.041 


L084 


L189 


876 
1.372 
1.271 
1.020 


.998 


1.144 


1.129 


1.312 


439 

1.005 


.439 


.953 


.634 

i.iii 


1  Brlx  not  read. 


s  Two  samples. 
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Table  III. — Averagty  maximum,  and  minimum  data  for  1910y  arranged  by  varieties  and 

localities — Continued. 


Variety  and  locality. 


Total  solids. 


Sugar-free 
solids. 


Sugar  as  invert. 


Acid  as  tartaric. 


Wtoiono  Red. 

Predonia,N.Y 

GeneTa,N.Y 

Averages,    limits, 
and  totals 

ToKKEN  Honey  Dew. 

Geneva,  N.Y 

No.  3197 

No.  4099 

No.  3698 

No.  98 

No.  116 

No.  3346 

No.  2717 

No.  3652 


15.9 
14.1 


16.78 
14.85 


2.95 
2.09 


2  15.015.82 


2.52 


17.9 
19.6 
15.7 
15.2 
19.3 
15.8 
13.6 
17.0 
19. 


19.10 
22.36 
16.68 
16.87 
20.83 
16.68 
14.09 
18.08 
.31 


9  21. 


2.76 

2.26 

1.72 

1.66 

1.79 

1.83 

1.87 

1. 

2.06 


13.83 
12.76 


13.29 


1&34 
2a  10 
14.96 
14.31 
19.04 
14.85 
12.22 
16.19 
19.25 


^.855 
754 


.805 


.956 
.758 
.604 
.510 
.544 
.529 
.731 
.645 
.645 


TABTTLATIOir  OF  Alf  ALTTICAL  DATA  ON  SAMPLES  GBOWlSr  AND 
AN ALTZED  AT  CHABLOTTESVILLE,  VA. 

Table  IV. — Average,  maximumy  and  minimum  data,  1908-1910,  arranged  by  varieties, 
(Analyses  by  Hartmann  and  Eoff,) 

[Results  expressed  in  grams  per  100  cc  of  juice.] 


Year.l 


Variety. 


Total  solids. 


Sugar-free 
solids. 


Total  sugar  as 
invert. 


Acid  as  tartaric 


l«8l  Norton. 9 


WW  Concord.... 

1909  Cynthiana. 

1909  Delaware  > . 

1909  Elvira 

190B  Ives 

1909  Noah 

1909  '  Norton 

1909  Riesling.... 


1010 
1910 
1910 


Concord*.. 

Cynthiana. 

Delaware » . 

1910!  Ives 

1910    Norton..... 


1.100926.26 


27.8S24.46 


51.0731 


18.94 


1.00ia23.91 


1.0969 
1.0698 
1.0702 
1.0876 


25.30 
18.11 
18.26 
22.80 


91.0957  24.93 


1.064716.99 


51, 

1 

"9 
10 


91 


.0747 
1.0962 
1. 

.0714 
1.1003 


068823. 


20.49 

28.'43 

22.'09 
22.88 
25.88 


16.99 

24.' i? 

i5.'92 
22.72 
23.49 


3.64 

2.99 
4.16 
2.86 
2.76 
3.15 
2.75 


4.50 
3.54 


2.97 
2.59 


22.63 


3.08 


3.64 
2.76 


2.63 
2.*  79 


24-73 


19.99 
14.08 


3.56  3.98 
2.69 


17.04 


19.44  21.65 
25.04'.... 

"  ;.12.... 
18.60  20.2315.00 
28.23  28.54  24.1 


3.11 
3.92 
2.12 
3.09 
3.88 


16.0117.50 

19.75! 

22.45|23.80 

16.35! 

15.1118.60 

2.74  20.06,20.1319.98 

2.92  21.35:22.46  20.00 

14.30 


21.09 
i3.*66 


3.61 


4.74 
4.63 


2.6016.3318.15 

.21.10^. 

.'21.00!. 
2.3115.3816.85 


14.07 


12.69 


3. 37122. 4425.04:20.10 


1.088 

.744 
.966 
.702 
.736 
.753 
.967 
.926 
.851 

.823 
1.060 
.551 
.714 
.957 


1.2900.975 
840   .645 


.784 


.619 


.866 

.990 

1.001 


.653 
.923 
.776 


.904 


.724 


908 
1.328 


.611 
.750 


1  Mixed  crops. 


*  Three  samples  from  Crozet,  Va. 
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Apparatus  for  Beet  Analysis. 

A,  Sucrose  pipette.  B,  Sugar  flask.  C,  Flask  for  cold  or  hot  water  digestion.  />.  £.  /.  Metal 
cups  and  covers  for  the  Suchs  Le  Docte  method.  h\  Automatic  pipette  for  the  Sacha  Le  Docle 
method.    A',  Modified  Soxhlet  extractor  for  alcohol  extraction  method. 
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LETTER  OF  TRANSMITTAL 


U.  S.  Department  of  Ageiculture, 

Bureau  of  Chemistry, 
Wdshington,  D.  C,  June  I4, 1911. 
Sm:  I  have  the  honor  to  submit  for  your  approval  a  report  pre- 
pared in  the  sugar  laboratory  of  this  bureau  on  the  analyses  of  sugar 
beets  made  dining  the  years  1905  to  1910,  inclusive,  together  with 
methods  of  determining  the  percentage  of  sugar  in  the  beet.  This 
compilation,  representing,  as  it  does,  beets  from  many  different 
localities,  will  be  useful  in  answering  the  many  inquiries  received  as 
to  the  quality  of  beets  grown  in  the  various  sections  of  the  country 
and  the  best  methods  for  determining  their  sugar  content.  I  recom- 
mend, therefore,  that  the  manuscript  be  published  as  Bulletin  No. 
146  of  the  Bureau  of  Chemistry. 

Respectfully,  H.  W.  Wiley, 

Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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ANALYSES  OF  SUGAR  BEETS,  1905  TO  1910, 

TOGETHER  WITH 

METHODS  OF  SUGAR  DETERMINATION. 


nrTEODXTCTioir. 

Many  requests  are  received  at  this  department  for  reports  on 
analyses  of  beets  grown  in  different  localities  and  also  for  information 
as  to  the  fitness  of  certain  sections  for  growing  beets.  Many  inquiries 
are  also  received  as  to  the  best  methods  for  the  analysis  of  beets. 
This  report,  including  a  r&umfi  of  the  analyses  made  of  beets  grown 
in  various  sections  of  this  coimtry  throughout  a  period  of  six  years, 
and  also  a  statement  of  the  methods  used  for  beet  analysis,  with  a 
discussion  of  their  comparative  accuracy,  has  been  compiled  to  meet 
this  demand. 

As  early  as  1862  ^  the  Department  of  Agriculture  became  interested 
m  sugar-beet  work,  and  for  the  past  30  years  this  bureau  has  been 
engaged  in  the  analysis  of  sugar  beets  and  in  making  investigations 
for  the  improvement  of  this  industry.  The  following  bulletins 
have  been  published  giving  the  results  of  this  work:  No.  3*,  The 
Northern  Sugar  Industry,  1883;  No.  5*,  The  Sugar  Industry  of  the 
United  States,  1885;  No.  27*,  The  Sugar-Beet  Industry,  1890; 
Nos.  30*,  33*,  36*,  39^,  and  52*,  devoted  to  experiments  with  sugar 
beets  in  the  years  1890,  1891,  1892,  1893,  and  1897;  Nos.  64,  74,  78, 
95,  and  96,  devoted  to  a  five  years'  study  of  the  influence  of  environ- 
ment upon  the  composition  of  the  sugar  beet,  undertaken  in  1900  to 
1904,  inclusive. 

The  bulletins  marked  with  an  asterisk  (*)  are  out  of  print  and  are 
not  available  for  distribution;  the  others  may  be  had  on  application. 
Also,  as  a  part  of  Progress  of  the  Beet  Sugar  Industry  of  the  United 
States,  published  yearly  as  a  special  report  of  the  Secretary  of 
Agriculture,  there  has  been  issued  in  the  years  1897,  1898,  1899,  and 
1900  a  report  covering  the  analytical  figures  obtained  in  the  analyses 
of  samples  of  beets  for  these  years.  Since  1900  there  has  been  no 
publication  of  results  of  analyses  of  beets  made  in  the  Bureau  of 
Chemistry  other  than  those  published  in  the  study  of  the  influence 
of  environment  on  the  composition  of  the  beet.  Many  samples 
have  been  analyzed  since  that  time. 

>  U.  S.  Dept.  Agr.,  Bureau  of  Chemistry  Bui.  52,  p.  12. 
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During  the  years  1901-1904  many  samples  of  beets  were  analyzed 
for  local  sugar  projects,  but  their  results  are  not  included.  The 
results  from  1905  on  to  1910  have  been  tabulated  by  States  and 
coimties.  The  location  of  the  county  in  the  State  is  noted  by  the 
usual  sign,  namely:  D  center  of  State;  D-  east  of  center  of  State; 
JD  southwest  of  center  of  State,  etc.  The  figures  given  are  for  the 
average  weight  of  beets  (expressed  in  ounces),  per  cent  of  sugar  in 
juice,  and  purity  of  the  juice  (the  per  cent  of  sugar  in  the  solids  of 
the  juice).  The  condition  of  the  sample  as  received  is  also  stated. 
In  this  table  no  averages  for  States  or  counties  are  given,  as  so  many 
factors  enter  into  the  results  that  conclusions  based  on  such  data 
might  be  misinterpreted.  In  fact,  one  can  only  form  a  comparative 
opinion  as  to  the  fitness  of  a  certain  region  for  beet  growing  from 
these  analyses.  The  reasons  for  this  may  be  briefly  stated  and 
serve  also  to  illustrate  the  need  for  very  careful  work  before  passing 
final  judgment  on  the  possibilities  of  any  section  for  beet  culture. 

FACTOBS  TO  BE  COITSIDEBED  DT  DTTEBPSETDra  AHALTTICAL 

BESXJLTS. 

A  sugar  beet  is  a  plant  that  is  greatly  influenced  by  environment, 
cultivation,  etc.  Beets  from  the  same  seed  may  be  grown  in  the 
same  soil  and  imder  the  same  climatic  conditions  and  the  sugar 
contents  at  maturity  be  very  different,  owing  to  different  methods 
of  cultivation.  A  farmer  who  has  grown  beets  a  number  of  years 
in  succession  may  raise  a  better  crop  than  one  in  the  same  locality 
who  has  had  no  experience.  Many  of  the  samples  herein  reported 
came  from  farmers  who  had  never  raised  beets  before;  some  of  the 
crops  were  no  doubt  raised  on  land  entirely  unsuitable  for  beet 
culture,  and  the  results  from  the  latter  experiments  would  be  of 
value  as  a  test  only  if  the  soil  of  the  plat  were  representative  of  this 
particular  section.  The  large  number  of  persons  applying  for  beet 
seeds  during  a  year  made  it  impossible  to  keep  a  detailed  record 
of  the  varying  cultural  and  climatic  conditions,  although  instructions 
were  sent  in  all  cases  regarding  the  selection  of  the  plat  for  the  work 
and  cultivation  methods. 

Correct  sampling  methods  are  also  important  to  insure  comparable 
results.  Many  people  beUeve  that  the  more  prolific  the  growth  of  a 
beet  the  higher  will  be  the  percentage  of  sugar,  and  so  select  lai^e 
beets  from  a  patch  for  testing.  This  is  not  true,  however,  except  in 
rare  cases.  Again,  the  sugar  content  varies  with  the  degree  of 
ripeness.  As  a  beet  matures  the  percentage  of  sugar  increases;  so 
selection  with  regard  to  this  point  is  important.  Two  persons 
going  through  a  field  for  sampling  may  draw  samples  that  will  vary 
as  much  as  3  or  4  per  cent  in  sugar  content.  But  if  one  is  familiar 
with  the  work,  the  results  from  20  or  even  fewer  beets  may  fairly 
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represent  the  field  at  that  particular  stage  of  growth.  As  no  attention 
was  paid  to  the  method  of  sampling  in  over  90  per  cent  of  the  cases 
here  reported,  the  results,  as  a  basis  for  judging  of  the  suitability 
for  a  given  area  for  beet  cultivation,  are  apt  to  be  misleading. 

Another  factor  which  may  affect  the  amount  of  sugar  found  is  the 
condition  of  the  beets  when  received  for  analysis.  The  healthy  beet 
when  taken  from  the  groimd  is  crisp,  but  on  exposure  to  air  and  heat 
it  soon  loses  moisture  and  becomes  wilted;  the  next  step  is  rotting. 
In  losing  water,  the  percentage  of  sugar  present  will,  of  course,  be 
increased,  but  this  increase  is  seldom  in  the  same  ratio  as  the  loss  in 
weight.  Experiments  conducted  in  1891^  at  the  Schuyler  station  in 
Nebraska  show  what  may  happen  \mder  these  conditions.  Beets  were 
dug  on  October  3,  carefully  cleaned,  and  the  leafy  tops  removed. 
They  were  then  placed  in  the  sun  and  reweighed  at  the  end  of  each 
24  hotirs.  The  daily  temperature  was  68^  F.  and  the  mean  maximum 
90^  F.  A  heavy  wind  was  blowing  most  of  the  time.  Beginning 
with  152  pounds  of  beets,  the  loss  in  weight  after  one  day  was  13.2 
per  cent,  after  two  days  23.8  per  cent,  after  three  days  32.4  per  cent, 
and  after  four  days  37.5  per  cent.  A  sample  drawn  from  the  fresh 
beets  showed  15.1  per  cent  of  sugar,  while  at  the  end  of  the  fourth 
day  a  sample  drawn  showed  17.1  per  cent,  an  increase  of  only  2  per 
cent  of  sugar.  Calculating  the  original  sugar  content  of  15.1  per 
cent  for  the  loss  in  weight,  the  beets  should  contain  at  the  end  of  the 
four  days  24.2  per  cent,  showing  a  loss  of  7.1  per  cent  in  sugar  in  the 
beet.  This  is  a  remarkable  loss,  but  the  experiment  was  carried  on 
under  severe  weather  conditions,  great  heat  and  wind. 

A  second  trial  was  made  in  which  clean  beets  were  divided  into 
three  portions  of  25  pounds  each.  One  portion  was  left  in  the  field, 
another  was  kept  in  the  air  but  under  a  shed  where  the  direct  rays 
of  the  sun  did  not  come  in  contact  with  the  beets,  while  the  third 
portion  was  analyzed.  At  the  end  of  three  days  there  was  a  20  per 
cent  loss  in  weight  for  the  shed  beets  and  a  22  per  cent  decrease  for 
the  field  beets.  The  sugar  content  of  the  fresh  beets  was  16.2  per 
cent,  of  the  shed  beets  19.6  per  cent,  and  of  the  field  beets  18.3  per 
cent.  Figuring  the  loss  in  weight  as  moisture,  the  sugar  percentage 
of  the  shed  beets  should  be  20.2  per  cent  at  the  end  of  the  three  days 
and  of  the  field  beets  20.7  per  cent.  The  sugar  losses  here  noted  are 
not  so  large  as  in  the  previous  experiment,  being  only  0.6  per  cent 
when  beets  were  kept  away  from  the  direct  rays  of  the  sun,  but  2.4 
per  cent  when  they  were  placed  in  the  sun. 

Other  experiments  that  have  been  tried  indicate  that  after  harvest- 
ing sun  and  heat  work  great  detriment  to  the  sugar  content.  An 
interesting  experiment,  showing  that  under  certain  conditions  the 

1  U.  8.  Dept.  Agr.,  Bureau  of  Chemistry,  Bui.  36,  p.  02. 
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sugar  content  does  increase  in  proportion  to  the  loss  in  weight,  was 
tried  at  the  same  station.  Twenty  beets  of  about  the  same  size  and 
of  the  same  degree  of  ripeness  were  selected.  Ten  were  analyzed 
immediately  and  the  other  10  were  wrapped  in  oiled  paper  and  sent 
to  Washington  for  examination.  The  results  are  given  in  the  follow- 
ing table: 

Comparative  analyses  before  and  after  shipment. 


Time  of  analysis. 

Loss  in 
weight. 

Percent 
inl)eets. 

Grams  of 

snsar  in 

beets. 

^frmt*  ,                          .     . , 

Percent. 

14.7 
16.0 

47.9 

Att^r  ffhipm^nt  to  Wftshlngtrtn. ...                            

12 

47.9 

There  was  a  loss  in  weight  during  shipping  of  12  per  cent,  but  an 
increase  of  1.9  per  cent  in  the  beet  is  noted,  and  the  actual  amount  of 
sugar  in  the  beet  remains  unchanged. 

In  the  case  of  the  samples  herein  reported  the  directions  for  ship- 
ping beets  to  Washington  for  analysis  were  to  wrap  each  beet  sepa- 
rately in  oil  paper,  this  paper  being  sent  the  grower,  together  witii 
the  shipping  tag.  In  many  cases  the  beets  were  fresh  when  received, 
but  in  a  large  percentage  of  instances  they  had  evidently  dried  out 
before  wrapping  them  for  sending.  It  is  important  in  using  the  analyt- 
ical data  contained  in  the  tables  to  remember  that  these  factors  may 
have  influenced  the  results. 

For  commercial  purposes  a  beet  of  over  12  per  cent  sugar  content, 
12.5  to  13.5  per  cent  of  sugar  in  the  juice,  and  at  least  80  per  cent 
purity,  and  which  weighs  over  1  pound  but  under  4  or  5  pounds,  is 
considered  the  most  desirable.  Tlie  contracts  of  most  sugar  compa- 
nies with  the  farmers  are  based  on  these  figures,  but  at  times  devia- 
tions from  them  are  accepted.  With  these  facts  in  mind  one  may 
form  an  opinion  of  the  manufacturing  value  of  the  beets  reported 
in  the  tabulated  data  (see  p.  23). 

METHODS  OF  SAMPLIira. 

The  accuracy  of  the .  determination  of  sugar  in  the  beet  depends 
largely  upon  mechanical  processes  and  accurate  results  are  difficult 
to  obtain  unless  a  stated  procedure  is  strictly  followed,  thus  elimi- 
nating many  chances  of  error.  As  with  many  other  procedures,  the 
statement  of  methods  for  the  analysis  of  sugar  beets  is  not  sufficiently 
detailed  and  its  hmitations  are  not  pointed  out,  so  that  an  inexperi- 
enced worker  may  obtain  accurate  results.  For  example,  all  methods 
for  beet  analysis  presuppose  a  finely  divided  pulp.  With  some 
methods  the  pulp  must  be  much  finer  than  with  others.  This  is 
especially  true  of  ** instantaneous"  methods  or  those  obtaining  the 
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sugar  by  digestion  in  the  cold.  The  sampling  and  subsampling  of 
the  beets  are  important  details,  for  unless  the  sample  is  representative 
the  results  obtained  are  of  little  value. 

SAMPLINO  FBOM  THE  FIELD. 

The  beet  chemist  is  often  called  upon  to  take  a  sample  from  the 
field.  This  sample  should  accurately  represent  the  whole  crop  to  be 
of  any  value  as  an  index  of  the  condition  of  the  field.  There  are 
many  methods  of  accomplishing  this,  some  of  a  mathematical  nature. 
The  method  to  be  employed  depends  somewhat  upon  the  size  of  the 
field  and  the  purpose  for  which  the  results  are  to  be  used.  If  the  plat 
is  small  and  it  is  the  purpose  to  sample  often,  then  a  smaller  sample 
may  be  used,  but  when  the  fields  are  extensive  a  larger  sample  should 
be  drawn. 

As  an  example  of  a  mathematical  method  of  sampling,  the  following 
is  given:  Look  over  the  plat,  noting  the  stand,  and  remove  all  beets 
that  are  not  up  to  the  average  condition  of  the  field.  Go  through 
again  and  dig  every  fourth  to  tenth  beet  (according  to  size  of  plat) 
for  the  analytical  sample;  every  twentieth  beet  should  be  taken  if 
the  plat  is  very  large.  From  20  to  100  beets  should  constitute  a 
sample.  Another  method  is  to  remove  all  the  beets  in  one  row  or  a 
measiu'ed  p^ortion  of  a  fow  and  use  these  as  the  analytical  sample. 
Care  must  be  exercised  that  the  row  selected  is  representative. 

To  ascertain  for  factory  purposes  whether  or  not  the  crop  is  ripe 
and  ready  for  harvest,  the  general  practice  is  to  walk  across  the  field 
ht)m  one  comer  to  the  opposite  one,  noting  the  stand  and  the  general 
condition  of  the  beets  as  indicated  by  their  leaves,  general  appearance, 
etc.;  then  on  returning  to  dig  from  5  to  20  beets  at  random,  selecting 
those  in  average  condition.  Here  the  judgment  of  the  sampler  is 
wholly  relied  upon,  but  with  experience  and  a  knowledge  of  the  variety 
under  cultivation,  a  representative  sample  should  be  obtained. 

Whatever  method  is  used,  it  is  essential  in  dicing  and  cleaning 
the  beets  not  to  injure  the  skin  and  not  to  break  the  roots  too  short. 
The  topping  should  consist  only  in  removing  the  leaves,  the  crown 
being  left  in  place  for  the  chemist  to  remove;  this  prevents  drying 
of  the  sample,  etc. 

SAMPLINO  FROM  PILE,  WAGON,  OR  CAB. 

In  sampUng  from  a  pile  instead  of  from  a  field  the  judgment  of  the 
sampler  again  must  be  relied  upon.  A  good  procedure  is  to  examine 
the  pile  of  beets,  noting  the  general  shape  and  average  size,  and  then 
to  select  from  10  to  50  beets  for  analysis,  depending  on  the  size  of  the 
pile.  A  proportionate  nimaber  of  large,  small,  and  irregular-shaped 
beets  should  be  used  as  they  occur  in  the  pile. 

In  drawing  samples  from  a  wagonload  or  carload  of  beets,  it  is  cus- 
tomary to  adopt  one  of  the  following  procedures:  When  a  dumping 
4426^— BuU.  146—11 2 
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wagon  is  used,  a  bushel  basket  is  placed  on  the  bin  in  the  path  of  the 
faUing  beets  and  withdrawn  after  the  load  is  dumped.  The  beets  in 
the  basket  constitute  the  analytical  sample.  If  an  ordinary  wagon  is 
used  a  bushel  basket  full  of  the  beets  is  forked  out  during  the  unloading. 
In  case  the  sample  is  taken  directly  from  the  cars,  three  or  more  sam- 
ples should  be  selected  from  different  portions  of  the  car  as  it  is  being 
unloaded  in  the  same  manner  as  from  the  ordinary  wagon. 

LABORATORY  SAHPLINO  AND  PULPINO. 

The  sampling  of  beets  in  the  laboratory  is  a  very  important  matter, 

as  for  the  final  analysis  only  a  very  small 
portion  is  used.  The  samples  offered  for 
analysis  are  composed  of  from  10  to  100 
beets,  and  in  an  ordinary  laboratory  it  is 
practically  impossible  to  pulp  all  of  the 
larger  sample;  therefore,  one  must  resort 
to  removing  a  section  from  each  beet  and 
pulping  this .  The  removal  of  the  right  sec- 
tion is  a  difficult  matter,  since  the  sugar 
is  not  evenly  distributed  throughout  the 
beet.  Many  persons  have  studied  the  lo- 
cahzation  of  the  Sugar  content  of  the  beet. 
Prominent  among  them  are  Violette, 
Wiesner,  De  Vries,  and  Marek.*  The  latter 
went  into  the  subject  quite  thorouglily  in 
1882.  Proskowetz  a  number  of  years  later 
worked  out  the  locaUzation  of  the  sugar 
content  in  the  beet  as  follows:  By  divid- 
ing a  beet  into  four  or  five  equal  horizontal 

sections,  as  is  shown  in  figure  1,  he  obtained  the  following  percentages 

of  sugar  in  the  various  portions: 

Percentages  of  sugar  in  horizontal  sections  of  the  beet. 


Fio.  1.— Horizontal  sectioning  of  beets. 


Part  of  beet. 

Sample  1. 

Sample  2. 

Sample  3. 

In  top.... 

12.30 

14.08 

17.52 

A,...:.... 

12.62 

14.36 

17.82 

Af 

12.57 

14.42 

17.68 

A, 

11.95 

14.50 

17.26 

A* 

(') 

14.20 

0) 

1  Only  four  sections  made. 

From  this  it  is  shown  that  the  bulged  section  (Aj)  has  the  highest 
percentage  of  sugar.  Other  observers  by  dividing  the  beet  into 
more  and  smaller  sections  obtained  the  same  result,  namely,  that 
the  highest  sugar  content  is  located  in  the  region  of  the  point  of 

»  within  the  last  few  months  Floderer  and  Herke  have  reviewed  the  previous  work  on  this  subject  and 
have  alto  added  a  large  amount  of  careful  experimental  work.  They  come  to  practically  the  same  con- 
clusions as  are  here  given.    Osterr.-Ung.  Zts.  Zuokerind.  Land.,  1911, 40:  385. 
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gravity  of  the  beet  mass  and  diminishes  on  both  sides  toward  the 
top  and  the  tip.  Dividing  the  beet  as  is  shown  in  figure  2 — that  is, 
cutting  it  into  circular  portions  from  the  center  to  the  skin — the 
following  results  were  obtained: 

Percentage  of  sugar  in  different  vertical  sections  of  the  beet. 


Section  of  beet. 

Per  cent 
sugar. 

Bi 

13.99 
14.12 
14.13 
12.98 

b1::::: 

B3 

84 

From  these  data  it  is  seen  that  tlie  zone  next  to  the  outside  of  the 
beet  contains  the  liighest  sugar  per  cent,  the  next  inside  zone  being 
nearly  as  high,  wliile  the  outside  and  the  central  zones  are  lower.     If  , 
the  beet  were  cut  into  more  zones,  it  would  be  found  that  the  high- 
est sugar  occurred  in  a  zone  about  three- 
fourths  of  the  way  from  center  to  the  outside. 

Plant  physiology  shows  that  some  cells 
contain  much  more  sugar  than  others.  If 
the  beet  is  perfect  in  form  a  section  taken 
throughout  its  complete  length  and  passing 
to  the  center  of  the  beet  would  be  repre- 
sentative. If  the  beet  is  not  of  eyen  form 
an  error  is  apt  to  creep  in,  as  it  has  been 
found  that  the  per  cent  of  sugar  is  higher 
in  the  portion  of  the  beet  that  is  depressed 
than  in  the  well-expanded  portions.  If  the 
weights  of  the  sections  removed  in  sampling 
could  be  so  regulated  that  they  bore  an 
exact  ratio  to  the  whole  weight  of  the  beet, 
and  this  were  constant  for  all,  then  these 
sections  would  accurately  represent  the 
large  sample.  Unfortunately  this  condition 
can  only  be  approached,  as  it  is  possible  to 
cut  a  beet  in  half  or  even  in  quarters,  but 
beyond  that  it  is  difficult  to  subdivide  by 
hand.     The  hand  method  is  the  one  usu-     _ 

,,  111  •  1-1  F10.2.— Vertical  sectioning  of  beets. 

ally  employed,  however,  m  samplmg  beets, 

although  machines  in  the  form  of  cone-shaped  rasps,  which  remove  a 
section  from  the  beets,  are  manufactured.  The  rasp  is  circular  in  form, 
thicker  at  the  center  and  tapering  to  the  edge.  By  running  a  beet 
over  this  fast-revolving  rasp,  the  section  is  removed  in  the  form  of  a 
fine  pulp,  and  may  be  caught  in  a  basket  or  box  placed  below  it. 
When  using  from  20  to  50  beets  the  sample  of  ground  pulp  is  quite 
large,  and  for  accurate  work  it  must  be  rapidly  mixed  and  quartered, 
drawing  one  or  more  samples  for  analysis.     In  mixing  it  is  necessary 
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to  guard  against  evaporation  and  also  squeezing  of  the  pulp ;  evapora- 
tion causes,  of  course,  a  higher  sugar  content  than  is  naturally 
present,  while  squeezing  may  result  in  either  a  higher  or  lower 
sugar  content,  del)ending  on  the  sample  drawn.  With  quick  mixin£r> 
however,  little  loss  occurs. 

In  case  the  section  has  been  removed  by  hand,  it  must  be  reduced 
to  a  pulp.  There  are  many  machines  made  for  this  purpose;  in 
general,  any  meat  chopper  which  yields  a  finely  divided  product 
may  be  used,  but  some  forms  are  preferable  to  others.  An  evenly 
cut  or  shredded  pulp  should  be  obtained  by  grinding  with  little  or  no 
pressing.  Machines  that  operate  by  feeding  the  beets  by  means  of 
a  screw  to  the  cutting  knife  are  very  liable  to  express  some  of  the 
juice,  while  if  the  screw  is  fitted  with  knives  which  do  the  cutting  as 
well  as  the  feeding  the  pressure  on  the  pulp  is  lessened.  Other 
machines  have  a  revolving  bowl  with  rotatory  knives  constantly 
turning,  the  two  being  driven  by  the  same  power.  This  yields  a  fine 
pulp  with  little  pressing,  but  is  hardly  capable  of  receiving  halves  or 
even  quarters  of  beets  to  be  sUced.  An  ordinary  horse-radish  grater 
serves  admirably  for  reducing  sections  of  beets  to  a  fine  pulp.  This 
grater  has  a  rotating  drum  provided  with  nails  extending  from  its  sur- 
face about  a  quarter  of  an  inch.  An  adjustable  chute  extends  to  the 
drum,  so  that  the  beets  can  be  fed  to  it  by  hand.  The  nails  may  be 
replaced  by  embedding  hacksaw  blades  in  the  drum  and  allowing 
the  coarse  teeth  to  stand  out  above  the  surface.  In  using  such  a 
grater  care  must  be  exercised  not  to  feed  too  fast  and  to  have  the 
carrier  for  the  beets  just  touch  the  points  of  the  drum.  In  this  way 
the  beet  is  cut  squarely  off  and  no  portion  goes  through  imcut.  It 
is  highly  important  to  feed  beets  into  this  machine  in  such  a  way 
that  the  grater  comes  in  contact  with  the  skin  of  the  beet  first, 
otherwise  it  is  difficult  to  shred  the  skin,  which  is  generally  very 
tough.  When  one  sample  is  finished  all  of  the  beet  particles  must 
be  carefully  brushed  off  of  the  drum  and  machine  to  avoid  mixing 
the  samples.  This,  however,  is  true  with  any  machine.  After 
shredding,  the  sample  may  be  thoroughly  mixed  by  hand. 

SAMPLINO  AND  TESTING  SBBD  BBBTS. 

Beets  that  are  to  be  used  for  seeil  production  are  tested  for  sugar 
content,  and  it  is  essential  tp  obtain  a  sample  from  them  without 
injuring  their  productiveness.  This  is  usually  accomplished  by  bor- 
ing a  hole  through  the  beet  in  some  such  way  as  is  shown  in  fiigure  3, 
and  collecting  the  borings  for  analysis.  It  is  highly  important  to 
control  the  direction  of  the  passage  of  this  rasp  through  the  beet. 
As  has  been  shown,  the  sugar  is  not  equally  distributed  throughout 
the  beet.  It  behooves  one,  therefore,  to  cut  through  as  many  zonas 
as  possible  and  the  same  cut  should  be  made  in  all  cases  if  the  results 
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are  to  be  comparable.     Much  work  has  been  done  to  determine  the 
point  of  sampling  and  it  has  been  shown  that  the  rasp  should  enter 
near  the  edge  of  the  leaf  scar  and  take  a  direction  at  an  angle  of 
45®  to  the  main  axis  through  the  beet.     This  can  be  accomplished 
by  having  the  beet  placed  on  a  moving  board  tilted  at  the  proper 
angle  and  pressed  against  the  rasp,  or  the  rasp  may 
be  pressed  against  the  beet.     Rasps  are  manufac- 
tured which  remove  this  core  whole,  or  collect  the 
cuttings  in  the  shaft  of  the  drill  (fig.  4).    The  sample 
obtained  this  way  seldom  amounts  to  26  grams  and 
it  is  difficult  to  press  this  quantity  and  obtain  suf- 
ficient juice  to  determine  the  dry  substance  and  also 
the  sugar.     The  per  cent  of   sugar   is  determined 
direct  by  one  of  the  instantaneous  methods  or  by 
the  hot-water  digestion  method.*    Ten  grams  of  the 
beet  pulp  may  be  digested,  made  up  to  38.7  cc;  and 
polarized  in  a  200  mm  tube;  the  reading  will  be  the 
per  cent  of  sugar.     Or  6.48  grams  of  the  cuttings 
may  be  digested,  made  up  to  50  cc,  and  a  reading 
made  in  a  400  mm  tube.     Again,  the  beet  cuttings 
in  the  rasp  can  be  placed  in  a  tared  dish  and  the 
whole  weighed.    The  pulp  is  then  washed  into  a  100 
cc  flask  if  the  sample  amounts  to  about  13  grams,  or 
into  a  200  cc  flask  if  it  is  nearly  26  grams,  and  a 
water  digestion  is  made  in  the  usual  way.    The  per 
cent  of  sugar  obtained,  multiplied  by  the  relation  of    fio.  3.-correct  pod- 
the  weight  of  sample  used  to  26  grams  gives  the  per-       fn  bJt  ^^^  ^^ 
cent  age  of  sugar  present.     A  correction  should  be 
made  for  the  space  occupied  by  the  marc,  26  grams  of  pulp  occupy- 
ing 0.6  cc. 

The  basic  lead  acetate  solution  is  practically  the  only  one  used 
for  clarifying  beet  solutions  for  polarization.  The  clarifying  power 
of  thig  solution  depends  somewhat  upon  its  basicity.  Browne  ^  has 
shown  that  as  the  basicity  increases  the  polarization  of  a  raw  cane 


Fio.  4.— Boring  rasp. 

sugar  or  cane  sirup  increases.  As  large  an  increase  will  hardly 
take  place  in  the  polarization  of  a  beet,  but  it  shows  that  care  must 
be  taken  in  the  preparation  of  the  basic  lead  acetate  solution, 
* 'Three  well-defined  subacetates  have  been  prepared  by  the  digestion 

1  See  pages  18  tnd  19.  *  U.  S.  Dept.  Agr.,  Bureau  of  Chemistry  Bui.  122,  p.  223. 
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of  litharge  with  normal  lead  acetate.  These  are  3PbAc2PbO  the 
one  usually  prescribed  for  clarification,  PbAcPbO  the  monobasic,  and 
PbAc2PbO  the  diabasic."*  Variations  in  time  of  digestion,  in 
quantities  of  Utharge  used,  and  in  temperature  of  digestion  will  result 
in  solutions  containing  mixtures  of  all  of  these. 

To  prepare  tlus  reagent  boil  3  parts  (by  weight)  of  neutral  lead 
acetate  and  1  part  of  yellow  Utharge  with  10  parts  of  water  until 
the  reaction  ia  completed  or  the  material  is  practically  all  dissolved. 
This  generally  takes  not  over  half  an  hour.  Cool  and  dilute  the 
solution  with  water  to  a  specific  gravity  of  1.25  or  53.7  Brix.  The 
solution  is  filtered  or  allowed  to  stand  until  clear.  The  bottle  should 
be  kept  tightly  corked,  as  the  composition  of  the  solution  changes. 
It  may  also  be  prepared  by  dissolving  dry  lead  subacetate  (contain- 
ing 72.81  per  cent  of  lead)  in  water  imtil  the  specific  gravity  of  the 
solution  is  1.25  or  53.7  Brix. 

METHODS  FOB  DETEBMnnifG  SUGAE. 

Methods  for  the  determination  of  sugar  in  the  beet  may  be  divided 
into  two  general  classes,  namely,  direct  and  indirect.  The  former 
may  be  subdivided  again  according  to  the  solvent  used  and  the 
temperature  of  extraction.  There  is  only  one  indirect  method  and  tlus 
will  be  considered  first. 

nn>IBEOT  METHOD. 

The  indirect  method  depends  on  pressing  the  juice  from  the  beets, 
determining  the  sugar  in  the  juice,  and  then  by  a  factor  calculating 
the  per  cent  of  sugar  in  the  beet.  In  practice  this  is  accomplished 
by  inclosing  the  beet  cuttings  in  a  jute  or  cotton  cloth,  placing  the 
whole  in  a  press,  and  catching  the  juice  in  a  vessel  large  enough  to 
hold  it  aU.  The  juice  is  tjioroughly  mixed,  poured  into  a  cylinder, 
and  allowed  to  stand  until  the  air  bubbles  have  collected  at  the  sur- 
face; generally  from  20  to  30  minutes  is  necessary.  This  foam  is 
brushed  aside  when  the  Brix  hydrometer  is  placed  in  the  Hquid  to 
obtain  a  reading  on  the  content  of  solids.  The  hydrometer  is  al- 
lowed to  come  to  rest  before  a  reading  is  made,  and  should  float  free 
of  the  sides  during  the  reading.  After  observing  the  reading  and 
noting  the  temperature  of  the  solution,  the  normal  or  double  normal 
amount  of  the  juice  is  either  drawn  up  in  a  sucrose  pipette  (Spencer's 
method.  A,  frontispiece)  or  is  weighed.  This  portion  is  run  into  a 
100  cc  flask  with  water,  and  a  solution  of  basic  lead  acetate  added 
in  a  sufficient  quantity  to  produce  a  complete  precipitation,  but  an 
excess  is  to  be  avoided.  The  flask  shown  at  B,  frontispiece,  is  an 
excellent  shape  for  sugar  analysis,  because  the  slanting  sides  prevent 


<  U.  S.  Dept.  Agr.,  Bureau  or  Chemistry  BuL  122,  p.  223. 
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air  bubbles  from  remaining  on  its  surface.  The  flask  is  then  filled  to 
the  mark  with  water,  shaken,  filtered,  and  polarized.  The  percentage 
of  sugar  in  the  juice  thus  obtained  is  multipUed  by  a  factor  to  obtain 
the  amount  of  sugar  in  the  beet.  This  factor  corrects  for  the  marc 
or  solid  portion  of  the  beet.  It  is  not,  however,  accurate  to  deter- 
mine the  marc  by  the  usual  method,  namely,  by  washing  away  the 
soluble  portion  of  the  beet,  drying,  and  weighing,  calculating  the  per 
cent  of  solids,  subtracting  this  from  100,  and  using  the  figure  found 
for  the  juice  factor.  With  this  procedure  the  results  will  be  too  high 
for  the  reason  that  the  marc  contains  water  other  than  that  holding 
the  sugar  and  no  correction  is  made  for  it.  The  marc  of  beets  varies 
from  4  to  5.5  per  cent,  with  an  average  of  about  4.7  per  cent.  The 
juice  factor  calculated  from  this  figure  would  be  about  95.3,  but  when 
the  colloidal  water  or  water  of  marc  is  considered  the  figure  is  from 
88  to  95,  depending  on  the  condition  of  the  beets  and  the  pressure 
used.  A  factor  as  low  as  82  may  be  obtained  if  the  beets  are  badly 
wilted  from  long  standing  in  a  dry  climate,  such  as  Colorado.  This 
factor  may  be  determined  for  a  given  locality  by  selecting  beets  of 
average  condition  and  finding  the  per  cent  of  sugar  in  the  juice  by 
the  indirect  method  just  given;  then  on  a  small  portion  of  the  same 
sample  of  beets  determining  the  per  cent  of  sugar  in  the  beet  by  one 
of  the  direct  methods,  and  dividing  the  per  cent  of  sugar  in  the  beet 
by  the  per  cent  of  sugar  in  the  juice.  Such  a  factor  is  applicable  to 
beets  of  like  condition. 

The  indirect  method  is  used  somewhat  extensivdy,  for  by  its  use 
in  addition  to  the  percentage  of  sugar  the  purity  of  the  juice  (the  per 
cent  of  sugar  in  the  solids  of  the  juice),  which  is  considered  by  some 
to  be  an  important  factor  in  beet  analysis,  is  obtained.  This  method 
is  advantageous  in  that  large  quantities  of  pulp,  representing  many 
beets,  can  be  used  for  pressing;  therefore  it  is  very  easy  to  obtain  an 
average  sample  when  the  original  quantity  is  large.  The  main  objec- 
tion to  it  is  that  it  does  not  give  the  sugar  in  the  beet  direct,  the  use 
of  a  factor  being  necessary.  This  average  factor  varies  somewhat  in 
different  localities,  ranging  from  91.5  to  93,  and  its  use  works  to  the 
advantage  of  one  sample  and  to  the  disadvantage  of  another.  If  not 
much  depends  on  the  accuracy  of  the  results,  this  method  can  be 
used,  but  it  can  hardly  be  recommended  when  exactness  is  desired. 

ERRORS   OP  THE   METHOD. 

Errors  in  the  actual  determination  of  the  percentage  of  sugar  creep 
in  from  the  following  sources,  but  with  beets  of  15  or  even  20  per 
cent  sugar  content  these  errors  may  be  within  the  error  of  reading  or 
the  limit's  of  the  sensibility  of  the  instrument: 

(1)  Use  of  the  wrong  normal  weight.  Most  polariscopes  that  have 
been  purchased  during  the  last  five  or  six  years  are  standardized  for 
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26  grams  of  sugar,  dissolved  and  made  up  to  100  true  cubic  centimeters 
with  water  at  20®  C,  and  the  polarization  made  in  a  200  mm  tilbe  at 
the  same  temperature.  The  old  normal  weight  of  26.048  grams  of 
sugar  was  for  100  Mohr  cubic  centimeters,  and  probably  the  polariza- 
tion was  to  be  made  at  17.5®  C. 

(2)  Use  of  the  wrong  flask,  namely,  Mohr  cubic  centimeter  flasks 
in  place  of  true  cubic  centimeter  flasks  or  vice  versa. 

(3)  Use  of  old  polariscopes  whose  accuracy  has  not  been  checked. 
A  polariscope  scale  can  be  checked  against  pure  sugar,  but  ordinarily 
it  is  much  better  to  check  against  a  standardized  quartz  plate. 

(4)  Use  of  sucrose  pipette  in  place  of  a  normal  weight.  This 
pipette  can  be  easily  standardized  and  the  error  due  to  this  soiirce 
checked,  but  in  general  it  is  better  to  obtain  the  normal  or  double 
normal  amount  of  juice  by  weighing. 

An  error  that  may  amount  to  several  per  cent  can  be  introduced  by 
using  the  same  jute  cloth  for  pressing  beets  when  the  per  cents  of 
sugar  in  the  two  samples  vary  greatly.  A  large  error  may  also  enter 
from  dilution  by  not  removing  all  of  the  water  used  in  washing  out 
the  press  after  each  sample.  Errors  in  reading  the  Brix  hydrometer 
are  sometimes  due  to  air  in  the  juice  and  also  to  the  adherence  of  the 
hydrometer  to  the  sides  of  the  cylinder.  If  these  chances  of  error  are 
guarded  against,  the  reading  of  the  per  cent  of  sugar  in  the  juice  should 
be  accurate.  The  following  table  *  shows  the  possible  error  from  the 
use  of  a  wrong  factor: 

Variations  in  results  obtained  by  using  different  factors. 


Sugar  in  beet  calculated  bj  factor— 

Sugar 
injuioe. 

90 

91 

92 

93 

94 

95 

Percent. 

Per  cent 

PereetU. 

PercenL 

Percent. 

Percent. 

Percent. 

12 

10.8 

10.92 

11.04 

11.16 

11.28 

11.40 

13 

11.7 

11.83 

11.96 

12.09 

12.22 

12.35 

14 

12.6 

12.74 

12.88 

13.02 

13.16 

13.30 

15 

13.5 

13.65 

13.80 

13.95 

14.10 

14.25 

16 

14.4 

14.56 

14.72 

14.88 

15.04 

15.20 

17 

15.3 

15.47 

15.64 

15.81 

15.98 

16.15 

18 

16.2 

16.38 

16.56 

16.74 

16.92 

17.10 

19 

17.1 

17.29 

17.48 

17.67 

17.86 

18.05 

20 

18.0 

18.20 

18.40 

18.60 

18.80 

19.00 

21 

18.9 

19.11 

19.32 

19.53 

19.74 

19.95 

Should  the  juice  polarize  20®  and  a  factor  of  90  be  used  when  95  is 
the  correct  one,  the  resulting  figure  for  the  sugar  in  the  beet  is  just  1 
per  cent  too  low.  If  the  results  by  this  method  are  used  as  a  basis 
for  the  price  paid  for  beets,  the  grower  would  lose  the  price  of  an  extra 
per  cent  of  sugar  per  ton,  which  varies  from  20  to  25,  or  33  cents. 

1  Taken  trom  report  of  E.  £.  EweU,  Fiity-aixth  Congnss,  first  session,  Doc  No.  699,  p.  147. 
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Plate  I. 


Hydraulic  Press  for  Beet  Analysis 

.4,  Head  block,  i?,  Hydraulic  jack  with  mm  (i^.  C,  Release  valve  of  iack.  7),  ^'tand  for  vessel 
to  receive  juice.  E,  Receiving  box  fastened  to  ram  (»'.  H,  Handle  for  pumping  up  jack. 
/,  J,  Porous  box  and  cover  for  beet  sample. 
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HYDRAULIC  PRESS. 

In  Plate  I  is  shown  a  form  of  press  that  has  been  used  successfully 
for  beet  pressing  by  this  laboratory.  It  consists  of  a  hydraulic  jack 
B  fastened  to  two  pieces  of  I  beam  clamped  together  for  the  base. 
Fastened  to  these  clamps  are  two  upright  steel  rods  K,  and  to  them 
are  fastened  I  beams  with  clamps  to  hold  the  head  block  A,  Fitted 
to4he  ram  G  of  the  jack  is  an  iron  box  with  lip  E,  also  the  bent  rods 
F  and  the  platform  D.  To  operate  this  press  the  porous  cast-iron 
pan  /  is  placed  in  the  box  E,  A  square  of  jute  cloth  is  then  placed 
in  the  pan,  and  the  sample  of  beet  cuttings  poured  into  it.  The  edges 
of  the  cloth  are  folded  over  and  the  plate  J  is  placed  on  top.  A  jar 
for  receiving  the  juice  is  placed  on  the  platfonn  Z?,  and  by  means  of 
the  handle  H  the  jack  is  jumped  up  against  the  head  block  A.  When 
the  juice  has  stopped  running,  the  release  valve  at  Cis  opened  and  the 
ram  quickly  returns  to  place.  The  pan  /can  be  slid  out  on  the  rods 
Fj  the  press  cake  removed,  and  a  new  sample  inserted.  It  is  essential 
to  have  a  pressure  gauge  on  the  chamber  of  the  jack,  since  in  ana- 
lyzing beets  by  this  method  the  same  pressure  should  be  maintained 
throughout. 

DIRECT  METHODS. 

In  the  direct  methods  the  per  cent  of  sugar  is  determined  directly 
on  the  beet.  These  methods  may  be  classified  according  to  the  sol- 
vent used  for  extraction,  namely,  water  or  alcohol,  and  these  may  be 
again  divided  into  extraction  in  the  cold  and  with  heat.  So  many 
slight  modifications  of  these  different  methods  are  known  and  used 
that  all  of  them  can  not  be  discussed;  only  statements  of  the  repre- 
sentative methods  can  be  given. 

WATER   METHODS. 

COLD-WATER    DIGESTION    METHOD    OP    PELLET. 

Weigh  the  normal  amount  of  beet  cuttings,  26  or  26.048  grams,  and 
transfer  to  a  large-mouth  flask  ((7,  frontispiece)  with  a  mark  at  200.6 
cc.*  Add  5  cc  of  basic  lead  acetate  solution  (see  p.  13),  shake,  and 
add  water  up  to  the  shoulder  of  the  flask.  Mix  the  contents  by 
rotating  in  the  hand,  and  allow  to  stand  25  minutes  in  order  to  expel 
the  air  bubbles.  Beat  down  the  collected  froth  with  an  ether  spray 
and  fill  the  flask  to  the  mark  with  water.  Then  shake  the  contents 
vigorously,  placing  the  hand  over  the  mouth  of  the  flask,  filter,  and 
polarize  in  a  200  or  400  mm  tube  after  adding  a  drop  of  acetic  acid. 

For  this  method  it  is  necessary  to  have  the  finest  divided  pulp 
possible  and  it  is  also  advisable  to  have  a  pear-shaped  flask  instead 

1  Numerous  oxperimente  have  shown  that  the  marc  of  the  normal  weight  of  ayerage  beets  occupies  about 
0.6  oc  of  space. 

4426**-~Bull.  146—11 3 
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of  the  ordinary  round,  ball-shaped  one  m  general  use,  so  that  the 
entrained  air  bubbles  may  seek  the  surface  and  not  remain  on  tbe 
sides  of  the  vessel.  This  method  has  been  much  criticized  because  a 
finely  divided  pulp  is  necessary  to  prevent  an  imperfect  extraction  of 
the  sugar,  and  also  because  ordinary  shaking  will  not  disengage  all 
of  the  air  bubbles  from  the  pulp,  thereby  causing  the  use  of  a  smaller 
quantity  of  water  to  fill  the  flask  to  the  mark,  and  thus  giving  too 
high  results  for  sugar  in  the  beet. 

COLD-WATER  DIOEBTION  METHOD  OF  SACHS  L£  DOCTE. 

This  is  a  modification  of  PeUet's  method  for  the  purpose  of  removing 
the  error  resulting  from  the  entrained  air.  Weigh  26  grams  of  the 
fine  beet  pulp  into  a  tin-lined  copper  vessel  (Z),  frontispiece),  add  5 
cc  of  basic  lead-acetate  solution  and  172  cc  of  water.  Put  the  cover 
E  in  place  and  shake  the  whole  vigorously,  then  allow  it  to  stand  for 
three  minutes,  remove  the  cover,  filter,  and  polarize  the  solution  in  a 
200  mm  tube  after  adding  a  drop  of  acetic  acid  and  double  the  reading, 
or  polarize  in  a  400  mm  tube,  in  which  case  the  reading  gives  the  per 
cent  of  sugar  in  the  beet. 

In  this  method  it  is  assiuned  that  beets  contain  95  per  cent  of 
juice  with  an  average  specific  gravity  of  1.07.  The  volimie  of  the 
juice  contained  in  a  normal  weight  would  then  be 

26>^  =  23.08cc 

and  (200-23.08  cc)  176.92  cc  of  water  would  be  necessary  to  complete 
the  volume  to  200  cc.  A  special  pipette  (F,  frontispiece)  has  been 
designed  to  deUver  this  amoimt.  A  quarter  turn  of  the  stopcock 
opens  the  entrance  0  for  the  lead  acetate,  so  that  5  cc  can  be  meas- 
ured, then  another  quarter  turn  opens  the  water  entrance  J7  to  fill 
the  burette  to  the  overflow,  and  a  half  turn  delivers  the  whole  into 
the  dish. 

As  in  the  preceding  method,  the  beet  pulp  must  be  very  fine, 
otherwise  an  imperfect  extraction  will  occur.  This  method  is  also 
open  to  criticism  in  that  all  beets  do  not  contain  95  per  cent  of  juice 
and  all  beet  juice  does  not  possess  a  specific  gravity  of  1.07.  It  is 
rightly  claimed,  however,  that  the  errors  introduced  by  the  use  of 
these  constants  are  so  small  that  they  will  fall  within  the  limits  of 
accuracy  of  the  readings. 

HOT-WATER   DIGESTION   METHOD. 

Weigh  52  grams  of  the  beet  cuttings  and  transfer  them  with  water 
to  a  large-mouth  flask  ((7,  frontispiece)  of  201.2  cc  content;  add  from 
6  to  10  cc  of  lead  subacetate  solution,  fill  the  flask  to  the  marie  with 
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hot  water,  and  shake.  Immerse  the  flask  m  a  water  bath  at  80^  C. 
and  shake  at  intervals  by  rotating.  Add  water  from  time  to  time  so 
that  at  the  end  of  the  heating,  about  30  minutes,  the  water  in  the 
flask  is  a  little  above  the  mark.  Remove  the  flask  from  the  water 
bath  and  allow  it  to  cool  to  standard  temperature;  add  a  suflScient 
quantity  of  concentrated  acetic,  acid  to  make  the  solution  very 
slightly  acid  in  reaction  (generally  less  than  0.5  cc  is  necessary) 
and  a  few  drops  of  ether  to  break  the  foam;  complete  the  volimie. 
Mix  thoroughly,  filter,  and  polarize  in  a  200  mm  tube. 

With  this  method  a  coarser  beet  pulp  can  be  used  than  for  the  cold- 
water  methods,  but  over  30  minutes  may  be  necessary  for  digestion, 
if  very  coarse  cuttings  are  used.  To  obtain  correct  results,  care  must 
be  exercised  to  make  up  to  volume  at  the  standard  temperature  of 
20^  C.  (if  the  instrument  and  flasks  are  standardized  at  that  tempera- 
ture) and  to  digest  the  beet  cuttings  with  as  large  a  quantity  of  water 
as  possible.  Not  over  5  cc  in  any  case  should  be  added  during 
digestion  and  final  cooling  to  complete  the  volume.  Where  smaller 
quantities  of  water  are  used  during  digestion  and  then  a  large  quantity 
of  water  is  added  at  the  last  to  make  to  voliune,  the  sugar  has  not 
become  equally  diffused  and  the  results  are  too  low.  Differences  of 
over  1  per  cent  in  sugar  content  are  often  caused  by  lack  of  care  in  this 
particidar. 

HOT-WATBB  DIGESTION  METHOD  OF  SACHS  LB  DOCTE. 

The  procedure  in  the  Sachs  Le  Docte  cold-water  extraction 
method  <p.  18)  is  modified  as  follows  for  hot  digestion:  The  weighing 
and  the  vessels  used  are  the  same,  also  the  quantities  of  lead  sub- 
acetate  and  water  are  the  same,  namely,  177  cc.  A  special  rubber 
disk  cover  (/,  frontispiece)  is  provided  for  the  digestion  vessels.  Put 
this  in  place  and  after  shaking  the  vessel  immerse  it  in  a  water  bath 
kept  at  80®  C.  for  30  minutes,  or  for  25  minutes  if  the  temperature  is 
86*^  C.  The  temperature  during  extraction  should  not,  however, 
exceed  this  figure.  Remove  the  cups  and  immerse  in  cold  water,  bring- 
ing the  temperature  down  to  20°  C.,  shake,  remove  the  covers,  filter, 
and  polarize,  after  adding  a  drop  or  so  of  acetic  acid. 

The  chance  of  error  due  to  contained  air  or  unequal  diffusion  of 
the  pulp  is  removed  by  this  method.  As  in  the  former  case  the 
cuttings  need  not  be  so  fine  as  with  the  cold-water  extraction  methods. 

HBBZFBLD's  MODIFICATION  OF  THE  SACHS  LE  DOCTE  METHOD. 

Instead  of  the  tin-coated  copper  beakers  used  in  the  preceding 
method,  Herzfeld  uses  an  extraction  vessel  of  nickel-plated  sheet 
iron  made  as  shown  in  figure  5.  The  vessel  is  round.  He  also  uses 
small  weighing  glasses,  holding  26  grams  of  material,  which  can  be 
introduced  with  the  beet  cuttings  into  the  extraction  vessel.    These 
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watch  glasses  are  filled  to  equal  weight  and  numbered  consecutiv^ely, 
as  are  also  the  extraction  vessels.    The  procedure  is  as  follows: 

Weigh  26  grams  of  the  beet  pulp  on  a  watch  glass  and  transfer  to 
the  extraction  vessel,  then  run  in  177  cc  of  dilute  basic  lead-acetate 
solution  (5  parts  of  basic  lead-acetate  solution,  Brix  53.5,  to  lOO 
parts  of  water),  shake  and  place  a  stopper  which  has  been  covered 
with  tinfoil  lightly  in  the  opening.  Submerge  the  whole  in  a  water 
bath  at  75°  to  80°  C.  for  30  minutes,  shaking  intermittently.    When 

all  air  has  been  expelled  (generally  after  five 
minutes),  tighten  the  stopper  in  the  vessel. 
At  the  expiration  of  the  time  remove  and 
cool.     Take  out  the  stopper  after  shaking 
thoroughly,  filter,  and  polarize  in  a  400  mm 
tube,  after  addition  of  a  drop  of  acetic  acid  to 
determine  the  per  cent  of  sugar  in  the  beet. 
This  method  does  not  require  very  fine 
pulp  and  is  open  to  few  chances  of  error. 
It,  together  >\dth  the  Sachs  Le  Docte  method, 
has  a  decided  advantage  over  the  other  hot 
digestion  method,  in  that  there  is  little  chance 
of  a  loss  of  sample  by  the  container  breaking. 
When  working  with  glass  flasks  one  is  likely 
to  ruin  many  determinations.     For  quick 
FiQ.  6.-Herzfeid's  metauic  beaker,    ^^^j^  ^^^  ^j^^j^  ^^y  Samples  are  to  be  nin, 

large  heating  and  cooling  vessels  can  be  used  and  the  dishes  taken 
from  the  one  and  placed  immediately  in  the  other  to  cool,  without 
risk  of  losing  the  determination,  thereby  saving  considerable  time. 
This  method  has  been  adopted  by  the  Society  of  the  German  Sugar 
Industry,  and  with  a  few  modifications  in  apparatus,  but  not  of 
procedure,  by  a  number  of  other  sugar  associations  of  Europe. 

ALCOHOL   METHODS. 

The  methods  using  alcohol  as  the  solvent  may  be  divided  into  two 
classes — digestion  and  extraction  methods.  The  former  is  again 
divided  into  hot  and  cold  digestion  methods. 

COLD   ALCOHOL  DIGESTION   METHOD. 

Weigh  52  grams  of  the  beet  cuttings  and  transfer  to  a  flask  (having 
a  capacity  of  201.2  cc)  with  90  per  cent  alcohol,  add  4  cc  of  lead 
subacetate  solution  and  shake,  then  add  more  90  per  cent  alcohol 
with  shaking  to  remove  the  air  bubbles,  complete  the  volume,  allow 
to  stand  half  an  hour,  and  add  alcohol  if  a  decrease  in  volume  is 
noted.  Thoroughly  shake  the  flask  and  filter,  keeping  the  filter 
covered  to  prevent  loss  by  evaporation.     Polarize  in  a  200  mm  tube. 


Digitized  by 


Google 


METHODS  FOB  DETERMINING   SUGAR.  21 

With  this  method  very  fine  pulp  is  necessary  and  the  greatest  care 
must  be  exercised  to  remove  all  of  the  air  from  the  beet  cuttings  to 
insure  an  even  digestion.  For  accurate  readings  the  polarization 
should  be  made  at  the  standard  temperature  of  the  instrument  and 
flasks  and  allow  of  no  evaporation.     This  method  is  but  Uttle  used. 

HOT  ALCOHOL  DIGESTION   METHOD. 

The  same  procedure  is  followed  as  in  the  preceding  method  up  to  the 
point  of  adding  more  alcohol.  In  this  method  add  only  enough  90  per 
cent  alcohol  to  fill  the  flask  three-fourths  full.  Then  connect  the  flask 
with  a  return  condenser,  place  in  a  water  bath,  and  allow  to  boil 
for  20  minutes.  Cool  the  flask  and  contents  to  the  standard  tempera- 
ture and  bring  up  to  the  mark  with  90  per  cent  alcohol,  shake  and 
allow  to  stand  for  awhile,  filter,  and  polarize. 

This  method  does  not  require  so  fine  a  pulp  as  the  former  one 
and  is  notT  open  to  error  from  entrained  air  bubbles,  but  to  obtain 
correct  results  it  must  be  worked  carefully  to  prevent  evaporation 
and  changes  of  temperature  during  polarization. 

ALCOHOL   EXTRACTION    METHOD. 

The  alcohol  extraction  method  has  been  recognized  as  the  standard 
method  for  sugar  determination  and  is  the  one  with  which  other 
methods  are  compared,  but  its  execution  is  difficult  and  the  results 
are  Uable  to  error  if  the  greatest  care  is  not  exercised.  For  the 
inexperienced  chemist  it  is  not  a  suitable  method,  but  by  f  amiUarizing 
oneself  with  its  details  and  difficulties,  correct  results  can  be  obtained. 

A  Soxhlet  extraction  apparatus  is  necessary  for  this  method.     The 

usual  form  has  been  improved  by  opening  the  siphon  tube  with  a 

short  tube  and  cork  as  shown  in  the  frontispiece,  K,     In  this  way  one 

can  test  the  progress  of  the  extraction  by  withdrawing  a  sample 

without  interfering  with  the  work.     The  best  procedure  for  this 

method  is  to  weigh  26  grams  of  the  beet  pulp  and  transfer  to  a  100  cc 

flask  with  about  50  cc  of  90  per  cent  alcohol  and  from  3  to  5  cc  of 

basic  lead-acetate  solution.     Connect  a  return  condenser  to  the  flask 

and  place  in  a  boiling  water  bath  for  from  10  to  15  minutes.     Then 

pour  the  whole  into  the  extractor,  washing  out  the  flask  with  fresh 

portions  of  90  per  cent  alcohol.     A  return  condenser  is  connected 

with  the  Soxhlet  extractor  and  also  a  100  cc  flask,  the  latter  by 

means  of  a  cork.    Add  more  90  per  cent  alcohol  until  the  siphon 

is  started  and  the  lower  flask  is  about  three-fourths  full.     Place  the 

containing  flask  in  a  covered  water  bath  held  at  a  heat  that  will 

make  the  alcohol  boil  freely.     Continue  the  extraction  for  from  one  to 

four  hours,  or  until  a  test  of  the  alcohol  in  the  extractor  gives  no 

color  with  ^-naphthol  solution  (see  p.  22).     Remove  the  flask  and 

add  90  per  cent  alcohol  to  the  mark  after  cooling  to  the  standard 

temperature,  shake  and  filter.    Polarize  in  200  mm  tube. 
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Care  must  be  exercised  t^  prevent  evaporation  and  changes  of 
temperature  and  also  to  use  only  a  minimum  amount  of  basic  lead 
acetate,  generally  nearer  3  cc  than  5  cc,  for  clarification.  By  digest- 
ing the  beet  pulp  with  the  alcohol  before  extraction,  the^time  of 
extraction  is  greatly  shortened,  the  pulp  becomes  thoroughly  impreg- 
nated with  the  alcohol,  and  all  air  is  removed,  resulting  in  a  good 
extraction  of  the  whole  material.  If  the  pulp  is  fine  and  tends  to 
clog  the  siphon,  alcohol-washed  cotton  may  be  used  as  a  plug  in  the 
extractor  before  adding  the  beet  pulp,  and  a  fine  mesh  screen  may  be 
placed  over  the  pulp  to  keep  the  whole  compact  in  the  extractor. 

To  determine  whether  all  of  the  sugar  has  been  extracted  or  not 
the  following  qualitative  test  is  used: 

a^napMhol  test  for  sy^/ars, — ^Add  four  or  five  drops  of  a  20  per 
cent  alcoholic  ar-naphthol  solution  to  a  few  drops  of  the  alcohol 
coming  from  the  extractor  and  2  cc  of  water  contained  in  a  small 
test  tube.  Shake  well,  tip  the  test  tube,  and  allow  from  2  to 
6  cc  of  colorless  concentrated  sulphuric  acid  to  flow  down  the  side  of 
tube;  then  hold  the  tube  upright,  and  if  sucrose  is  present  a  color 
varying  from  a  faint  to  a  deep  violet  will  be  noted  at  the  junction  of 
the  two  liquids.  On  shaking,  the  whole  solution  becomes  a  blue 
violet  color.  This  test  is  suitable  for  the  results  required  of  it  in 
this  work,  but  it  must  be  remembered  that  other  sugars  and  sub- 
stances besides  sucrose  give  this  color  reaction. 

DISCUSSION  OF  METHODS.  ^ 

For  a  number  of  years  the  proper  methods  for  determining  sugar 
in  the  beet  have  been  discussed  by  sugar  chemists,  especially  as  to 
the  relative  merits  of  alcohol  and  of  water  extraction.  As  a  general 
rule  German  sugar  chemists  favored  alcohol  methods,  wlule  the 
French  favored  water  methods.  Within  the  last  year  a  truce  has 
been  declared  and  it  is  acknowledged  that  for  very  accurate  or 
control  work  the  alcohol  extraction  method  should  be  used,  but  for 
general  work,  one  of  the  hot-water  digestion  methods  will  give  good 
results  and  the  analyst  is  less  likely  to  introduce  errors  in  the  manipu- 
lation. With  the  average  sample  of  beets,  the  two  methods  when 
carefully  applied  will  yield  dupUcate  results  but  in  the  case  of  very 
abnormal  beets  one  method  might  give  higher  figures  than  another. 
The  instantaneous  methods  (cold  extraction)  are  only  suitable 
with  very  fine  pulp  and  the  results  can  be  depended  upon  only  when 
they  have  been  checked  against  a  standard  method.  With  these 
instantaneous  methods  as  many  samples  of  beets  can  be  analyzed 
per  day  as  by  the  indirect  method,  and  it  is  claimed  by  many  that 
the  Sachs  Le  Docte  hot  digestion  method  or  the  Herzf eld  modification 
will  yield  as  many  determinations  in  a  given  time  as  the  indirect 
method,  with  the  same  amount  of  work,  provided  the  laboratory  is 
fitted  for  the  work. 
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County  and  town. 

Analysis. 

Condition 
of  sample. 

Serial 
num- 
ber. 

State. 

Average 
weight. 

Sugar 

in 
Juice. 

Purity. 

Date  of 
analysis. 

Alabama 

Shelby    a 

Calera. 

Ounces. 
13 

16 

8 

14 

16 
20 
14 

5 

16 

11 

40 

24 

40 

16 
16 
10 
15 

4 
16 
25 
24 
24 

8 
28 

20 

21 
22 
26 
26 
8 
40 
24 
16 
32 
52 
48 
20 
17 

16 

36 
36 
44 

24 
18 
24 
26 
56 
24 

Percent. 
13.0 

14.6 

11.4 

7.40 

13.30 
13.00 
12.15 

15.2 

13.0 

15.7 

13.75 

21.40 

14.8 

14.6 
12.0 
8.0 
15.3 
15.5 
18.1 
15.5 
12.2 
13.0 
12.7 
14.6 

10.00 

14.7 
16.2 
20.2 
15.9 
18.1 
20.9 
17.3 
18.7 
14.6 
12.9 
15.6 
22.6 
18.1 

16.3 

15.0 
10.8 
15.4 
17.5 
14.2 
11.9 
19.1 
17.5 
19.2 

10.7 
18.2 
10.7 
15.0 
16.4 
9.8 
16.7 

77.6 

77.2 

80.3 

57.6 

82.5 
80.8 
79.7 

78.8 

83.1 

76.3 

88.7 

82.2 

85.8 
79.5 
63.5 
86.8 
85.6 
91.8 
79.0 
79.2 
78.3 
76.8 
80.6 

70.6 

81.5 
83.7 
8&2 
85.0 
88.3 
88.7 
84.0 
81.7 
78.6 
75.0 
82.1 
89.3 
84.1 

83.2 

84.7 
71.1 
76.5 
86.6 
86.6 
78.8 
86.8 
83.5 
83.5 

66.5 
84.2 
72.8 
87.2 
88.6 

n.2 

86.2 

Fair 

7064 

5626 

4374 

7931 

7887 
7889 
7898 

5151 

7071 

7147 

7966 

7888 

7203 

5721 
5722 
6725 
5741 
5778 
5792 
7128 
7142 
7146 
7150 
7175 

8002 

3760 
3761 
3769 
3770 
3771 
3778 
3802 
3811 
3812 
3816 
3817 
5232 
5248 

5700 

3701 
3702 
3703 
3766 
3766 
3767 
3768 
3777 
3792 

5660 
5708 
5728 
6745 
5751 
5753 
n40 

Aug.  20, 1909 
Aug.  13, 1908 
Aug.  25,  1906 
Oct.  17, 1910 

Arizona 

Yuma   p 

Yuma. 

Wilted 

Arkansas 

Qeveland    q 

CralKhead    d 

Jonesboro 

Bad 

Dallas    p 

Ramftev 

Good 

do 

do 

Oct.    3,  1910 

Dof.... 

Do. 

Eaglette 

Oct.    8,1910 

Fanlkner    a 

Conway 

Nov.  15, 1907 

Pope   tD 

Hector 

Bad 

Aug.  21, 1909 
Oct.    3,  1909 

OaUfornia. 

Imperial    q. 

Imperial 

Good 

do 

Fair 

Modoc    b 

Alturas 

Oct.  24,1910 
Oct.    3,  1910 

San  Diego    q. 

Lakeside 

Shasta    b 

Cassell 

Good 

do 

do 

Poor  red 

Good 

Dry    . 

Oct.  19,  1909 

Siskiyou    b 

litacdoel 

Oct.    8,  1908 

Do 

Do. 

Do 

Oct.    9.  1908 

Do 

Oct.  12,  1908 

Do 

Oct.  17,  1908 

Do 

Good 

do 

do 

do 

do 

do 

do 

Oct   19,  1908 

Do 

8epl29,1909 

Oct.    3,  1909 

Do. 

Do 

Do 

Do 

Do. 

Do 

Oct.    9,  1909 
Nov.  1,  1910 
Nov    1.  1906 

Colorado 

Boulder    b 

Broomfield 

Eagle    D 

Avon 

Do :... 

Do. 

Bilkhi 

Do. 

Eagle 

Do. 

^Do 

Do. 

Do 

Nov.   8,1906 
Nov.  14, 1906 

Avon 

Do 

Nov  27. 1006 

Gjrpenm 

Do. 

Do 

Dec     4,  1906 

Do 

Do. 

Do 

Dec     9,  1907 

Do 

Dec!  23.  1907 

El  Paso     a 

Ramah . 

Good 

Oct.     5,1906 
Oct.     5,1906 

Garfield   ti 

Glenwood  Springs. 
Do 

Do. 

Do 

Gaifield 

Do. 

Nov.    1,1906 
Do. 

Do 

Do 

Do. 

Do 

Do. 

Do 

Nov.  18,1905 
Nov.  14,1905 

Sept.  30,1906 
Ocl     6,1908 
Oct.     9,1908 
Oct.    12,1908 
Oct.   13,1908 
Do. 

Do 

Kit  Carson   o 

Selbert 

WOted 

Good 

do 

do 

Fair 

Do 

15 
19 
22 
16 
24 
16 

Burlington 

Seibm. 

Do 

Do 

do 

Good 

Do 

Oct.     3,1900 
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Sugar-beet  analyses,  made  in  the  Bureau  of  Chemistry — Continued. 


County  and  town. 

Analysis. 

Condition 
of  sample. 

Serial 
num- 
ber. 

State. 

Average 
weight. 

Sugar 

in 
Juice. 

Purity. 

Date  of 
analyris. 

Colorado 

Lincoln    o* 

T.imon 

Ouncee. 
18 
24 

24 

14 

14 

4 
15 
48 
32 
38 
48 
32 
40 
45 
33 
29 
40 
56 
29 
36 
28 
37 
32 
45 
26 
29 
40 
48 

24 

16 

8 
14 
28 
22 
20 
28 
56 
52 
36 
30 

10 

12 

14 

48 
17 

10 

24 
24 

20 

48 
21 
20 
48 
32 
16 
21 
60 

13 

Percent, 
14.3 
9.0 

14.7 

17.0 

14.1 

14.8 
17.5 
14.0 
17.4 
15.6 
14.9 
16.2 
15.3 
16.1 
18.3 
20.9 
19.0 
18.7 
18.6 
16.4 
17.7 
18.4 
19.3 
16.7 
19.4 
2L6 
19.7 
19.4 

19.9 
17.0 

19.2 
20.1 
18.5 
21.6 
20.7 
13.1 
17.2 
16.4 
17.2 
20.0 

6.2 

14.0 

8.9 

7.8 
12.3 

16.5 

20.1 
17.7 

11.2 

14.9 
12.1 
12.8 
11.7 
12.8 
10.8 
14.9 
10.5 

19.8 

81.2 
58.8 

77.4 

77.8 

77.0 

78.7 
82.3 
75.2 
78.4 
81.7 
79.2 
81.8 
80.1 
82.1 
81.3 
86.4 
86.0 
81.3 
83.4 
82.8 
80.8 
84.0 
85.4 
87.0 
85.8 
84.7 
86.3 
84.5 

85.6 
83.7 

81.5 
83.3 
75.5 
78.7 
78.3 
60.1 
70.1 
70.3 
71.1 
75.2 

58.3 

88.1 

71.6 

66.6 
80.9 

84.1 

89.5 
82.9 

74.7 

76.4 
76.6 
77.4 
72.6 
76.6 
73.9 
79.7 
73.2 

88.0 

Good 

do 

Very  bad... 

7207 
7815 

7962 

3803 

7923 

5702 
7196 
7329 
7330 
7331 
7332 
7333 
7334 
7335 
7336 
7337 
7338 
7339 
7340 
7341 
7342 
7343 
7344 
7345 
7346 
7347 
7348 
7349 

3804 
5774 

7350 
7351 
7433 
7434 
7436 
7437 
7438 
7439 
7441 
7442 

7857 

7903 

7176 

5736 
6735 

8017 

4381 
8091 

8044 

7223 
7234 
7246 
7272 
7275 
7290 
7294 
8025 

6856 

Oct   19,1909 
Aug.    6,1910 

Oct  21,1910 

Nov.  20,1905 

Oct.    15,1910 

Oct     5,1906 

Oct    15,1909 

Nov.    8,1900 

Do. 

Do 

Otero    q 

RoclcyFord 

Pitkin   -D 

Aspen...'. 

Routt   ti 

Steamboat  Springs 
Washington    d 

Cone 



Good 

Very  small.. 

Good 

do 

Soft 

Do 

Do 

Do 

Good 

do 

do 

do 

do 

do 

Soft 

Do 

Do 

Do. 

Do 

Do 

Do 

Do. 

Do 

Do 

Do 

Do. 

Do 

Do. 

Do 

Good?.".'.'.::: 

do 

Good,  soft... 

Good 

Soft. 

Do. 

Do  .. 

Do 

Do 

Do 

Do 

Do. 

Do 

Do 

Do 

Do. 

Do 

Good 

do 

do 

do 

do 

Do 

Do 

Do. 

Do 

Do 

Do 

Do. 

Do 

Do 

Do 

Do. 

Weld      ti 

La  Salle 

Nov.  21,1905 
Oct   16,1908 

Nov.    8,1909 
Do 

Carr. 

Fair- 

District  of  Co- 
lumbia. 

Washington. 

Do 

Soft 

Do 

do 

do 

do 

do 

Rotten,  soft. 
do. 

Bad    . 

Do 

Dec    2, 1900 
Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Soft 

Do 

Do 

Fair. 

Do. 

Georgia. 

Chattooga   t3 

Summerville 

Coweta   -D 

Newman.. 

Good 

do 

Good 

Soft 

Sept  23,1910 
Oct   10,1910 
Oct     9  1900 

Floyd   ti 

Rome 

Greene    a 

Penfield 

Oct   10,1908 
Do. 

Do 

Fair 

Good 

T^#M  ,.   . 

Blaine    g 

Pioabo 

Nov.    4,1910 

Oct   10,1906 
Nov.  19,1910 

Twin  Falls    □ 

Twin  Falls 

Do 

Good 

do 

do 

do 

do 

do 

do 

do 

do 

do 

Fair 

Illinois 

Bond    cp 

Greenville 

Boreau    6 

Princeton 

Nov.  14,1910 

Oct  21,1900 
Oct   23,1900 
Oct   25,1909 
Oct  28,1900 

Do. 
Nov.    1,1900 

Do. 
Nov.    8,1910 

Nov.    2,1906 

Do 

Do 

Do 

Do 

Do 

Do 

Do:.:.;:::.::: 

Cook   cr 

Bloe  Island 
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DETAILED  ANALYTICAL  DATA.  25 

Sugar-beet  analyses^  made  in  the  Bureau  of  Chemistry — Continued. 


County  and  town. 


Analysis. 


Average 
weight. 


Sugar 

in 
Juice. 


Purity, 


Condition 
of  sample. 


Serial 
num- 
ber. 


Date  of 
ana^sls. 


Henry   "d 

Oeneseo 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do.,'. 

Lake    cf  -  ' 

Waukegah 

Union    q 

ReynoldsTille. 
Woodford    d 

Eureka 

Huntington    ti 

Warren 

Newton  ta 

Qoodland 

Ripley    D 

Vers^es 

Starke  ti 

North  Judson. 
Allamakee    ti 
Harpers  Ferry 

Fayette    tf       • 

Clermont 

Do 

West  Union... 

Do 

Clermont 

Jefferson    n 

Falrfleld 

Lyon   tD 

Rock  Rapids.. 
PatoAlto  \3 
Cylinder 

Do 

Emmetsburg.. 

Do :.. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Osgood 

Rodman 

Polk    D 

Runnelte  •••-.. 


Ounces. 
32 
20 
16 
24 
24 
S 
16 
22 
16 
"  20 
22 
18 
16 
16 
14 
10 
10 
18 
14 
24 
16 
38 
18 
38 
16 
16 
28 
16 
24 
16 
20 
14 
18 

*   21 

'   37 

44 

24 


Percent 
12.0 
10.6 
12.1 
11.1 
12.1 
14.7 
11.7 
13.7 
15.2 
18.3 
16.6 
17.2 
19.0 
17.4 
18.9 
20.0 
17.7 
16.2 
14.7 
18.4 
18.9 
16.9 
15.9 
13.4 
16.5 
17.8 
16.6 
17.2 
19.1 
17.2 
16.4 
16.7 
14.8 

13.2 
8.1 
8.9 

12.4 

13.8 
9.5 

16.0 

11.5 
14.7 


13.0 
13.0 
10.4 
12.4 

12.1 

19.0 

10.8 
15.2 
10.2 
13.1 
10.3 

9.7 
15.3 
12.3 
11.7 

9.5 
10.7 
12.2 

9.8 


80.1 
70.2 
77.7 
76.1 
71.6 
84.0 
73.3 
74.6 
78.4 
85.9 
82.6 
81.2 


Withered. 
....do.... 
....do.... 


81.4 
76.6 
81.3 
82.9 
81.7 
82.4 
80.7 
81.7 


Withered. 
....do.... 

do..  .. 

do.... 

do.... 

do.... 


15        13.3 


85.1 
86.0 
86.3 
83.0 
80.0 
86.6 
76.3 

80.0 

64.8 


76.8 

79.7 

70.0 

85.1 

74.0 
81.6 


70.7 
78.3 
79.1 
74.3 
76.1 

78.6 

90.4 

69.7 
81.3 
73.4 
83.2 
74.9 
70.9 
84.3 
78.0 
79.0 
7L8 
74.8 
74.2 
09.6 

74.6 


....do.... 
....do.... 
....do.... 
....do.... 
....do.... 
....do.... 
....do.... 

....do.... 

Good 

Withered. 

Good 

...do.... 

...do.... 

...do.... 


.do.... 
.do.... 


Good-large 

— do 

Good 

....do 

Good-large 

Fair 


3753 
3754 
3765 
3756 
3767 
3768 
3760 
4406 
4409 
4410 
4413 
4414 
4415 
4416 
4417 
4418 
4419 
4420 
4421 
4427 
4428 
4429 
4430 
4431 
4432 
4434 
4435 
4436 
4437 
4438 
4439 
4440 
4441 

4442 

7224 

8007 

7173 


7970 
7129 


7146 
7228 


7095 
7151 
7235 
7246 
7289 

3737 

5719 

3725 
3726 
3727 
3728 
3729 
3730 
3731 
3732 
3733 
3734 
3736 
3738 


3779 


Oct.   31,1905 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Nov.  26,1906 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Nov.  27,1906 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Nov.  31,1906 

Oct.   21,1909 

Nov.    2,1910 

Oct.     8,1909 

Nov.   -9,1910 

Oct.   27,1910 

Sept.  29,1909 

Oct.     3, 1909 
Oct.   21,1909 


Sept.  20,1909 
Oct.  3,1909 
Oct.  23,1909 
Oct.  25,1900 
Oct.   30,1909 

Oct   27,1906 

Oct.     8, 1908 

Oct  27,1906 
Do 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Nov.    9,1906 
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26  ANALYSES  OF   SUGAR  BEETS,  1905  TO  1910. 

Sugar-beet  analyses^  -made  in  the  Bureau  of  Chemistry — Continued. 


County  and  town. 

Analysis. 

Condition 
of  sample. 

Serial 
num- 
ber. 

State. 

Average 
weight. 

Sugar 

in 
juioe. 

Purity. 

Date  of 
analysis. 

Iowa 

C?lmftr 

0unee9. 
24 
48 
28 

24 
28 
32 
16 
28 
32 
28 
28 
24 

26 

24 
24 
12 
23 

12 
16 
33 
19 
11 
14 
9 

32 

Pereeni. 
12.8 
8.2 
12.8 

13.7 
13.9 
14.0 
15.2 
16.8 
14.6 
14.4 
15.6 
14.7 

8,7 

14.6 
14.0 
U.7 
ILl 

8.6 
9.5 
9.7 
12.6 
13.5 
7.7 
1L8 

15.0 

14.7 
9.2 
10.0 

12.4 

ia7 

17.9 
19.3 

16.1 

9.5 

17.4 

17.6 
17.2 
13.5 
10.4 
17.6 
14.8 
16.6 

13.9 

16.4 

19.3 
20.0 
20.6 
22.2 
19.3 
18.1 
16.6 

16.8 
16.4 
16.6 
15.2 
16.5 

14.5 
13.9 

73.5 
63.5 
8L0 

79.2 
78.5 
80.9 
81.3 
82.4 
80.7 
80.0 
78.R 
82.6 

67.4 

80.4 
80.5 
76.5 
70.6 

58.9 
63.3 
69.8 
77.8 
82.3 
64.7 
7L7 

80.2 

82.1 
7L9 
72.5 

70.4 

76.9 

74.0 
91.2 

82.1 

70.8 

79.8 

83.1 
87.6 
80.0 
83.1 
90.7 
8L1 
83.5 

77.6 

85.4 

83.5 
88.2 
85.1 
89.1 

Good 

do 

do 

7218 
7319 
7328 

3736 
4893 
4894 
4895 
4899 
4900 
4901 
4902 
4903 

5674 

4867 
4869 
4890 
5030 

5031 
5032 
5033 
5034 
5035 
5036 
5152 

5035 

5666 
5667 
5669 

8024 

5790 

7967 
7997 

7425 

7863 

3823 

8031 
8032 
8034 
8035 
8005 
7933 
8036 

7988 

7354 

4447 
4448 
4449 
4450 
4451 
4473 
4491 

4492 
4493 
4494 
4495 
4406 

4497 
4498 

Oct.   21,1909 

Peoorah 

Nov.    4, 1900 

Ridge  way 

Nov.    8.1900 

Woodbury   -d 

Fallow 

Oct.   27,1906 

Sioux  City 

Do 

Oct.   24,1907 

Da 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Da 

Do 

Da 

Do 

Do. 

Kansas 

Chase   o- 

Etandale 

Withered... 

Oct     1.1906 

Chautauqua    q. 

Chautauqua 

Do 

Oct.    10,1907 

Do. 

Do 

Oct.   22,1907 

Do 

Slightly 
wilted. 

Wilted 

do 

do 

do 

do 

Withered... 

Nov.    7, 1907 

Do 

Da 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Da 

Peru 

Da 

Chautauqua 

Finney    a 

Garden  City 

'^-'SSrifid 

Nov.  15,1907 

Fair 

Nov.    6,1906 

do 

do 

do 

Good 

do 

Very  bad... 
Good  (dirty) 

Good 

do 

WUted 

Good 

do 

do 

do 

do 

do 

do 

do 

Good 

Oct     1,1908 

Do 

Do. 

Do 

Da 

Marion    a 

Florence 

10 

26 

9 
2 

24 

6 

21 

6 
22 
8 
3 
17 
32 
11 

19 

19 

16 
16 
16 
16 
14 
18 
26 

22 
24 
16 
22 
26 

28 
29 

Nov.    8,1910 

Rice    a 

Sterling 

Oct    19,1908 

Russell    a 

Russell 

Oct   24,1910 

Do 

Oct   31,1910 

Wichita   -D 

Leoti 

Nov.  29,1900 

Louisiana 

Maryland 

Caddo   ti 

Shreveport. 

Frederick    d 

Frederick 

Garrett   tl 

Garrett 

Sept  27,1910 
Dec.   16,1905 
Nov.    9,1910 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Oct   17,1910 

Michigan 

Mountain     Lake 
Park. 
Montgomery    d 

Chevy  Chase 

Kalkaska    b 

South  Boardman.. 
Gratiot    a 

Ittiaca 

Nov.    9,1910 

Oct   18,1910 
Nov.  10,1909 
Nov.    2,1906 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

84.7 
83.4 

85.7 
82.4 
79.4 
82.2 
8L7 

78.8 
76.8 

Nov.  19,1906 

Do 

Slightly 

moldy. 
Very  moldy. 

Good 

Moldy,  dry. 

Dry 

Shriveled 

and  moldy. 

Good 

do 

Dec.  15,1906 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do.::::::::::: 

Do. 

Do 

Da 

Do 

Da 
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Sugar-beet  antUyses,  made  in  the  Bureau  of  Chemistry— Continued. 


County  and  town. 

Analysis. 

Condition 
of  sample. 

Serial 
num- 
ber. 

State. 

Average 
weight. 

Sugar 

in 
juice. 

Purity. 

Date  of 
analysis. 

Mlohigan 

Gratiot    D 

TthAPft 

Ounces. 
29 
23 
25 

10 
10 
8 
10 
16 
10 
16 
16 
10 
10 
24 
12 
20 
24 

12 
20 

12 
24 
16 
16 
12 
17 
21 

24 
18 
16 
24 
22 
28 
16 

16 
84 
32 
26 
15 
22 

9 

32 
26 

Percent. 
16.0 
17.3 
16.1 

18.3 
18.2 
18.8 
19.1 
19.8 
19.1 
18.4 
17.8 
18,5 
17.7 

9.8 
13.1 
16.1 

8.4 

2a9 
17.7 

18.9 
19.0 
18.2 

2ao 

15.5 
17.1 
15.4 

17.1 
16.3 
14.7 
16.0 
22.2 
16.9 
17.2 

15.1 
13.6 
14.4 
14.1 
14.8 
18.0 

9.8 

L3 
6.4 

18.0 

11.3 
12.0 
11.4 

lao 

9.7 
9.7 
7.0 
&9 

lao 

14.0 
12.0 
&2 
12.1 

as 

14.0 
143 

82.0 
81.2 
81.7 

83.9 
82.7 
82.6 
83.8 
83.2 
84.7 
82.6 
81.3 
82.6 
84.7 
7a3 
73.8 
8a5 
67.2 

92.5 
87.6 

86.7 
89.6 
86.3 
86.6 
81.6 
85.6 
82.7 

86.5 
80.1 
8a6 
82.5 
88.5 
84.9 
86.5 

85.8 
81.0 
82.1 
81.6 
83.6 
88.7 

66.6 

17.5 
43.8 

78.3 

76.4 
75.9 
76.1 
74.1 
72.7 

7a2 

63.6 

62.6 
69.3 

84.3 

77.3 

6&6 

7&0 

72.9 

8&2 

84.9 

68.7 

Good 

do 

do 

4499 
4500 
4601 

3782 
3783 
3784 
3785 
3786 
3787 
3788 
3789 
3790 
3791 
3795 
3796 
3797 
3799 

3821 
3822 

3772 
3773 
3774 
3776 
4424 
4480 
4481 

4377 
4388 
4389 
4391 
4392 
4394 
7119 

3815 
4382 
4484 
4485 
4894 
4939 

7994 

7072 
7073 

5658 

7092 
7114 
7130 
7193 
7895 

7108 

7932 

n3i 

7232 
5791 
7860 
7918 
7177 
7891 
6011 
7120 
6657 

Dec  12,1906 
Do. 

Do 

Dec.  15,1906 

Nov.  14,1905 
Do. 

Lenawee    a 

Bli8f<Y^ld 

Do 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Nov.  16,1906 
Do. 

Do 

Do 

Do. 

Do 

Do. 

Monroe     q. 

Dec.    9,1906 
Do. 

Do 

St.  Clair    o 

MarlneCIty 

Do..... 

Nov.    6, 1905 

Do. 

Do 

Nov.    4,19C5 
Do. 

Do 

Do 

Nov.    9,1906 

Do 

Nov.  23,1906 
Do. 

Do 

Tnsoola   o 

Caro 

Sept  29, 1906 
Oct.   20,1906 

f^tngston 

Caro 

Oct.   80,1906 

Oct.    27,1906 

Do. 

f^insmt/on 

Eo 

Do 

" 

Do. 

rnllinR 

Good 

Sept.  28,1909 
Dec.     1,1905 

Washtenaw     q. 

Manchester 

Ypsilanti 

Oct.   11,1906 

l^Mn  , . . 

Nov.  26,1906 
Do. 

Do ; 

Do 

Oct.   24,1907 

Do 

Nov.    5,1907 

UliinesoU 

Beltrami    6 

Good 

do 

Bad,  rotten . 

Oct.   29.1910 

Mteiasippi 

Adams  p 

Natches 

Aug.  23,1909 

Do 

Clay   Q. 

West  Point 

Sept  29, 1908 
Sept  20,1909 

Brookhaven 

Do 

10 
12 
6 
10 
20 

2 

11 

20 
19 

8 

13 

9 

6 

6 

32 

5 

Good 

Poor.  soft... 

Good 

do 

Poor,  small . 

Good 

Poor,  soft. . . 
Fail 

Good 

do 

do 

Small 

Good 

Sept  27, 1900 
Sept  30, 1909 
Oct    14,1909 

Do 

Do 

Do 

Oct     7,1910 
Sept  21,1909 
Oct   17,1910 

Missouri 

Barton   p 

Carter    q. 

Hunter 

Hickory    D 

Qoincy 

Sept  30, 1909 
Oct   22,1909 

Do 

HoweU    9 

Willow  Springs... 
Jmpet   p 

Jasper 

Oct   19,1908 
Sept  26, 1910 
Oct   11.1910 

McDonald    p 

Powell. .T 

Newton   p 

Seneca 

Oct     9,1909 
Oct     8,1910 
No^  14,1906 

Texas    9 

No  county. 

St.  Louis    o- 

Washington    o 

Mineral  Point 

Wayne    n 

GadaHm 

Fair,  small.. 

Sept  28,1909 
Sept  28,1906 
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28  ANALYSES   OF   SUGAR   BEETS,   1905   TO   1910. 

Sugar-beet  analyses,  made  in  the  Bureau  of  Chemistry— ConXmned. 


Nebraska.. 


Nevada., 


New  Jersey. . , 
New  Mexico. 


"koore. 

22 
24 
5 

18 

Lewis  and  Clark    n 
Augusta 

Yellowstone    □ 
BlUinRS...:... 

Boyd    d 

Butte 

Johnson    a 

Cook 

Lancaster    o- 

Ilavelock 

32 

21 
18 
17 

21 
24 
17 

24 
16 
40 
21 
9 
24 
11 
24 
24 
19 
21 
17 
20 
27 
20 
24 
24 
48 

16 

13 
10 
10 
13 

28 
18 
28 

25 
28 

17 

16 

16 
16 
16 
24 
19 
24 
18 
16 
30 

6 

18 
7 
9 
17 
12 

Lincoln    -a 

North  Platte 

Do 

Do 

Sootts  Bluff    -a 

Morrill 

Do 

Do 

Churchill   -a 

Fallon 

Hazen..  .. 

Fallon 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Hazen 

Tludson    [1 

Bayonne 

Chaves    o 

Roswell 

Do 

Do... 

Do 

Colfax    cf 

Cimarron 

Do.. 

Do 

Curry    d- 

Texlco 

8t.  Vrain 

Eddy    n 

Artwia 

Lincoln    q 

Carrizozo 

Mora    cf 

LaCueva 

Do 

Do 

Do 

Do 

Do 

Levy 

bo ::::::: 

Wagon  Mound.... 
Quay    D- 

NaraVisa 

Roosevelt    o 

Portales 

ClaudeU 

Upton 

Euda 

Portales 

16.6 
16.7 
16.9 
0.2 

lai 

12.0 

0.5 
9.9 
9.2 

1&9 

la  7 
ia3 

15.5 
18.3 
17.9 
l&O 
17.4 
1&4 
l&l 
ia7 
la  7 
19.5 
18.9 
2a3 
19.0 
21.0 

2ao 

19.6 
19.6 
1&6 

8.3 

19.5 
19.2 
2a4 

17.7 

17.6 

lai 

l&O 

19.7 
19.1 

as 

1&6 

19.7 
18.2 
22.3 
21.7 
17.0 
1&8 
12.0 
17.5 
l&O 

10.7 

15.2 
20.9 
18.5 
19.4 
10.9 


84.8 

Tas 

87.4 

67.2 

60.2 

71.4 

60.8 
09.2 

6ai 

84.4 
85.0 
82.5 

91.7 
87.1 
84.4 
82.8 
83.2 
83.2 
83.6 
81.0 
84.2 
89.0 
87.5 
91.4 

9ao 

92.5 
9a5 
89.5 
89.5 
82.6 

63.5 

87.3 
84.2 
86.4 
81.6 

8a4 
»..l 
85.1 

92.1 
86.0 

75.4 

87.2 

84.9 
8a9 
86.0 

sao 

78.7 
84.6 
73.0 

8ao 

82.5 


82.3 
88.6 
88.5 
95.1 
72.6 


Good... 
do.. 


....do 

....do 


Fair... 
Good. 


Fair 

do 

do.... 


Good.. 
Fair... 
Good.. 


....do.... 
....do.... 

Fair 

Good 

Fair 

Good 

...do.... 

...do.... 

...do.... 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 


Fair.. 


Wilted. 
Fair.... 
Good... 


.do. 


Fair. 
Red,  soft... 


Good 

Fair 

Good 

do 

do 


Fair... 
Poor.. 
Fair... 
Good.. 


8043 

7321 

7800 

6732 

5671 

7326 

5051 
5052 
5053 

7203 
7424 
7426 


5040 
5002 
6004 
6022 
7148 
7188 
7277 
7278 
7270 
7280 
7281 
7282 
7283 
7284 
7285 
7286 
7304 

7091 

4610 
4620 
4621 
4622 

5207 
5090 
6703 

5046 
5948 

6795 

6256 

5048 
6040 
6238 
8230 
6033 
6062 
7187 
7323 
7363 

6042 


6770 
6815 


7163 


Nov.  14,1010 
Nov.  4,1000 


Oct 
Oct 
Oct 
Nov. 


8,1910 
0,1006 
1,1006 
8,1900 


Nov.    0,1006 
Do. 
Da 

Nov.    1,1000 

Nov.  20,1000 

Da 

Oct  23,1006 
Nov.  7,1006 
Nov.  10,1006 
Nov.  12,1006 
Nov.  17,1008 
Oct  3, 1909 
Oct  12,1900 
Oct   20,1000 

Da 

Da 

Da 

Da 

Da 

Da 

Da 

Da 

Da 
Nov.  10,1000 

Sept  20,1000 

Jan.   16.1907 
Da 
Da 
Da 

Nov.  29,1907 
Oct  3, 190B 
Oct     6,1908 

Nov.    7,1907 
Do. 

Oct    19,1906 

Dec.  30,1907 

Nov.    8,1907 

Da 
Dec.  13,1907. 

Da  • 

Nov.  20,1908 
Dea  28,1908 
Oct  12,1909 
Nov.  4,1909 
Nov.    9,1909 

Nov.  23,1908 

Oct  12,1906 
Oct  17,1908 
Oct  26,1908 
Oct  27,1908 
Oct     6,1900 
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Sugar-beet  analyses ^  made  in  the  Bureau  of  Chemistry — Continued. 


Ck>uiity  and  town. 

Analysis. 

Condition 
of  sample. 

Serial 
num- 
ber. 

State. 

i^isr 

Sugar 

in 
Juice. 

Purity. 

78.5 
79.8 
90.4 
78.5 
81.3 
70.5 
88.8 
80.4 
90.2 

*76.*6" 

85.6 
80.6 
77.3 
77.3 
77.0 

83.5 
86.2 
86.3 
8.3.0 
83.9 
86.7 
89.2 
84.6 
80.0 
85.9 
87.8 
85.3 
82.5 
91.0 
71.9 
85.0 
96.1 
91.0 
84.3 

Date  of 
analysis. 

NewMexiro.... 

San  Miguel    d- 

East  Las  Vegas... 
Do 

Ounca, 
18 
36 
12 
60 
16 
46 
10 
22 
15 
8 
4 

16 
22 
32 
56 
17 

24 
9 
34 
32 
11 
15 
17 
35 
13 
12 
13 
30 
11 
13 
52 
19 
16 
27 
35 
15 

24 

22 

28 
19 
18 
24 
24 
12 
11 
10 
12 
18 
20 
33 
20 
17 
16 
29 
64 
4 
24 
24 

4 
12 
16 

9 

12 
8 

PereenL 
15.7 
18.2 
20.6 
18.3 
18.7 
13.6 
20.8 
18.1 
22.2 
22.1 

n.9 

14.3 
10.0 
13.6 
14.8 
16.8 

16.7 
16.9 
17.1 
16.1 
15.6 
16.7 
16.5 
16.0 
13.8 
19.5 
•17.4 
15.7 
14.2 
18.2 
10.5 
17.0 
21.5 
15.9 
11.9 
21.9 

12.9 

17.0 

17.3 
17.4 
18.7 
15.7 
17.6 
16.9 
18.6 
17.3 
16.0 
16.5 
11.0 
13.2 
16.0 
15.0 
19.8 
13.2 
16.5 
13.5 
16.9 
15.6 

22.0 
17.0 
16.3 
14.5 

13.3 

16.7 

4908 
5058 
5079 
5080 
5081 
5082 
5085 
5149 
5206 
5240 
5241 

6052 
6056 
7248 
7395 
8156 

6688 
5695 
5608 
5699 
5701 
5704 
5706 
5707 
5709 
5713 
5720 
5726 
5730 
5733 
5752 
5783 
6784 
5800 
5808 
5934 

7231 

4464 

5676 
5676 
5689 
5696 
5607 
5710 
5727 
5731 
6742 
6746 
5747 
5749 
5750 
5754 
5772 
5793 
6796 
5812 
5901 
5903 

5839 
7196 
7202 
7221 

8008 

7862 

Oct.   28,1907 

Nov.    8, 1907 

Las  Vegas 

Nov.  11,1907 
Do. 

Do 

Rociada 

Do. 

San  Jofle.... 

Do. 

Las  Vegas 

Nov.  12,1907 
Nov.  14,1907 

East  Las  Vegas... 
Do 

Nov.  25,1907 

Withered... 
Withered, 

small. 
Fair 

Dec.  13,1907 
Do. 

Do.. 

East  Las  Vegas... 

Los  Alamos 

East  Las  Vegas... 
Las  Vegas 

Nov.  24,1908 

Do. 
Oct.   26,1909 
Nov.  19,1909 

Poor 

Good 

do 

Withered... 

Fair 

Do 

Dec.     8, 1910 

Santa  Fe    a 

Otto 

Oct.     3, 1908 

Do 

Small 

Fair 

Oct.     5,1908 
Do. 

Do 

Stanley 

Good 

do 

do 

do 

do^ 

Fair 

Do. 

Otto..' 

Do. 

fltAnlAy ,    . 

Do. 

Otto..' 

Oct     6,1906 

Hyer...         

Do. 

Otto 

Do. 

Hyer 

Good 

do 

do 

do 

Fair 

Do. 

Otto 

Oct.     8, 1908 

Do 

Oct     9,1908 
Do. 

fltWllAV 

Do 

Do. 

Otto 

Good 

Fair 

Oct   12.1908 

fltiuilAy .  .  . 

Oct    17,1908 

Do 

do 

Good 

do 

Do. 

Do 

Oct  20,1906 

Otto 

Oct   23,1908 

Stanley 

Nov.    6,1908 

Sierra  p 

Arrey 

72.6 

73.8 

84.0 
80.2 
85.0 
86.2 
85.4 
84.5 
81.0 
88.3 
94.7 
83.4 
72.6 
81.6 
82.8 
80.2 
73.0 
83.5 
80.4 
85.4 
78.2 
80.0 

93.6 
86.2 
86.2 
75.5 

80.0 

86.9 

Soft 

Oct   22,1909 

Taos    6 

Taos 

Withered. . . 

Nov.  14,1906 

Torrance    d 

Moriarty 

Oct     2,1906 

Do 

Withered... 
Fair 

Do. 

Do 

Oct     3,1908 

Mcintosh 

Good 

do 

do 

do 

do 

do 

Fair 

Oct     5,1906 

Moriarty 

Do. 

Do 

Oct     6,1908 

Do 

Oct     0,1906 

Do 

Do 

Do. 
Oct   12,1906 

Do 

Do. 

Estancia 

do 

Good 

do 

do 

Fair 

Do. 

Do 

Do. 

Moriarty 

Oct   13,1906 

Do 

Oct    12,1906 

Do 

Oct    16,1906 

. 

Do 

Good 

do 

Very  small.. 
Fair. 

Oct    19,1906 

Do 

Do. 

Do 

Oct   24.1906 

Do 

Nov.    4,1906 

Do 

do 

Very  small.. 

Good 

do 

do 

do 

do 

Do. 

Union    cf 

Amistad 

Oct   28,1906 

Clayton 

Oct   15,1909 

Do 

Oct   19,1909 

Do 

Oct   21,1909 

New  York 

Erie   HD 

Buffalo 

Nov.    2,1910 

Brooklyn 

Sept  26,  mo 
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Sugar-hut  analyses,  made  in  the  Bureau  of  Chemistry — Continued. 


state. 


Ckmnty  and  town. 


Analysis. 


Sugar 

in 
Juioe. 


Purity. 


Condition 
of  sample. 


Serial 
num- 
ber. 


Date  of 
analysis. 


North  Carolina 


North  Dakota. 


Ohio. 


Ashe   t3 

Riverside 

Beaufort    o 
Washington... 

Do 

Aurora. 

Washhigton... 

Do 

Buncombe  -a 

Asheyille 

Davie   -a 

Advance 

Guilford    b 

Julian 

Haywood    p 

Canton 

Moore    a 

Carthage 

Robeson    p 

liaxton 

Do 

Watauga   tD 

Sands 

Barnes    q. 

Valley  Cit  v.. . 
Cavalier    cf 

Sarles 

Sargent    d 

Cogswell 

Richland    q. 
Great  Bend... 

Do 

Do 

Do 

Do 

Do 

Walsh    cf 

Grafton , 

Wells    D 

Hurdsfleld 

Do 

Do 

Do 

Do 

•    Do 

Do 

Brown    p 

BlpJey 

Columbiana    d 

East  Liverpool 
Guernsey    d- 

BlrdsRun 

Hocking    9 

I'Ogan 

Marion    a 

Marlon 

Ottawa  j6 

Oak  Harbor..., 
Paulding   tD 

Paulding 

Do 

Do 

Haviland , 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Broughton 

Haviland 

Van  Wert    tJ 

Scott 

Do 

WllUams   ti 

Bryan 


Ounee$. 
24 

16 
16 
7 
36 
16 

13 

5 

82 

24 

8 

16 
18 

18 

52 

7 


44 

24 
32 
48 
32 

10 

11 
12 
24 

17 
10 
20 
15 

10 

24 

13 

24 

10 

20 

35 
37 
30 
12 

8 
10 
18  ' 
22, 

18  I 
15  I 
14  I 

12  i 
13 

13  I 

10  I 
8 

20  ; 


PercenL 
15.0 

16.4 
14.0 
9.5 
11.6 

7.8 

16.2 

11.0 

11.8 

14.2 

15.1 

12.5 
9.6 

17.6 

14.8 

14.8 

9.0 

11.4 
11.5 
11.3 
12.6 
14.7 
18.9 

15.7 

18.0 
14.3 
16.2 
16.6 

lao 

16.1 
8.2 

10.0 

10.4 

14.6 

16.8 

15.9 

17.6 

17.9 
16.0 
16.8 
21.2 
21.0 
19.4 
19.3 
16.8 
17.9 
18.4 
19.8 
19.8 
17.2 
16.9 
21.0 
21.7 

19.4 
17.0 


8  I      1&9 


80.2 

87.7 
83.3 
76.5 
75.3 
70.0 

84.8 

78.5 

82.5 

82.7 

85.1 

83.3 
68.1 

86.5 

7a  7 

80.8 

67.0 

68.8 
68.2 
73.9 
67.2 
78.4 
86.7 

83.0 

82.2 
80.3 
85.7 
86.5 
94.1 
90.9 
65.5 

73.0 

69.3 

80.6 

84.6 

85.8 

84.9 


78.8 
78.9 
88.0 
86.4 
89.8 
89.8 
88.2 
90.4 
89.3 
90.8 
91.7 
88.2 
89.2 
81.6 
82.2 

87.4 
&5.6 


Good.. 

WUted. 
....do. 

Good.'.! 
Small.. 

Poor, 

Good.. 
....do. 
Wilted. 

Good.. 
....do. 
....do. 
....do. 


Good. 


Fair 

Good... 
....do.. 
....do.. 
Fair.... 
Hard.... 
Poor.... 


Fair... 
Good.. 
....do. 
....do. 
Fair... 


Dry.  wilted. 
Badly  wilted 

Wilted... 


83.3    Very  dry... 


7322 


4864 
4865 


5620 
5655 


7107 

4879 

7974 

7144 

4866 
4868 

7204 

7992 

8000 

7891 

3723 
3724 
3749 
3750 
3751 
3752 

7995 

5687 
5794 
5799 
5816 
5842 
5931 
5954 

0072 

7919 

8014 

n54 

7233 

4490 

4407 
4422 
4423 
4905 
tf06 
4907 
5050 
5051 
5052 
5053 
5064 
5055 
5056 
6067 
5158 
5100 

5159 
5211 

4617 


Nov.    4,1900 

Oct    10,1907 

Do. 
Oct    15,1907 
July  31,190B 
Sept36,190B 

Oct   30,1907 

Sept  21,1900 

Oct.    14,1907 

Oct.   28,1910 

Oct.     3.1S00 

Oct    10.1907 
Do. 

Oct.    19,1900 

Oct    29,1910 

Nov.    1,1910 

Sept  30. 1910 

Oct.    18,1906 

Do. 
Oct.   31,1006 

Do. 

Do. 

Do. 

Oct.   29,1910 

Oct.  3.1006 
Oct.  19,1906 
Oct.  20.1008 
Oct  26,1008 
Oct.  27.1006 
Nov.  5,1008 
Nov.    9,1006 

Dec.     9,1906 

Oct.    12.1910 

Nov.    3,1010 

Oct.     6,1000 

Oct.   23,1000 

Dec.  12,1906 

0<4.  27.1006 
Nov.    9;i006 

Do. 
Oct.   28.1007 

Do. 

Do. 
Nov.    8,1907 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Nov.  20,1907 
Nov.  22,1907 

Do. 
Dec.     2, 1007 

Jan.     9,1006 
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state. 


County  and  town. 


'   Analysis. 


^jfisf  "r 


weight. 


juioe. 


Purity. 


Condition 
of  sample. 


Serial 
num- 
ber. 


Date  of 
analysis. 


Oklahoma. 


Oveeon. 


Pttmsytvania.. 


Beaver   t3 

Floris 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Carter    g 

Ardmore 

Comanche   p 

Chattanooga 

Harmon    p 

Vinson 
Kiowa   p 

Mountain  Park. 
Swanson   p 

Snyder 

Do 

Mcintosh    o- 

Hoflman 

Orayson 

Muskogee    o 
Bn 


Ounces. 
48 
26 
20 
34 
11 
8 
7 

10 
6 
20 

24 

13 

7 

22 

24 
9 

15 
10 


Do... 
Wybark. 
Bn 


CouncUHIll.... 
Okfuskee    a 

Castle 

Roger  Mills   -a 

McArthur 

Qrlmes 

Washita   p 

Port 

Woods   ta 

Alva 

Crook    a 

Tumalo 

Do 

Klamath    0 

Klamath  Falls. 

Do 

MerrlU 

Klamath  Falls. 

Do 

Do 

Do 

Merrill......... 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Lincoln   -a 

Elkaty 

Center    a 

State  College. . . 
Lancaster    q. 

Manhelm 

PhUadelidiia    q. 

Philadelphia... 
Potter    6 

Ulysses 

Do 


PereetU. 
14.9 
14.2 

ISul 

15.6 
14.1 
16.7 
17.4 
l&O 
17.5 

ia4 

12.9 

ILO 

1&2 

1L6 

14  9 
16i6 

12.7 
&8 

1L5 

lai 
ia6 

14.0 

ia9 

&2 
13.2 

&5 

1L9 
1&5 

ia4 

2a8 
17.0 

lao 

2L9 
15.7 
16i5 
2a6 
1&5 
1&3 
1&3 
14.5 
14.5 
14.5 
l&O 
1&8 

las 

1&3 
2a4 

ia4 

17.3 
15.9 

las 
lao 

1&5 
12.8 
14.9 
l&O 

las 

16.1 
17.5 


86.6 
79i7 
79il 
8L5 
8a6 
83.9 
84.6 
74  2 
7&5 
77.6 

OLO 

6&7 

7a2 

7a6 

81.6 
89.8 

9L3 

sao 
7a  1 

72.7 
76l8 
8a7 
7L2 
5a8 
77.0 

649 

744 
83.5 

7&8 

8L1 

85.0 
7&9 

92L0 
77.7 
79.6 
9a7 
86.8 
81.0 
7a  0 
7a  0 

8a8 

77.1 
87.9 
87.8 
87.7 
8a8 
8&7 
74  7 
7a  1 
74  7 
8&0 
82.0 
8&3 

67.9 

8L4 

840 

71.5 

79.7 
9L6 


Fair 

Good 

Fair 

....do 

....do 

do 

Good 

...do 

do 

Fair 

Good 

do 

Fair 

Good 

do 

....do 

Good,  soft. 
do-... 

Good'....".", 

....do 

do 

Fair 

....do 

Fair,  small 

....do 

Good.'.*.'.".*, 

Dry 

Very  dry.. 

WUted.... 

Fair".*.*.".'.*." 

....do 

do 

Withered.. 

Good 

do 

Bad 

Good 

do 

do 

do 

do 

do 

Withered. . 

do 

Good 

do 

do 

Withered. . 

Good 

Pair 

Small 

Good'.*.*.*.*.' 


5849 
6003 
6012 
6014 
6019 
6035 
7201 
7200 
7302 
8160 

7327 

7427 

7109 

7861 

7836 
8020 

no6 

7185 

5668 

7094 
7113 
7115 
7117 
7152 
7184 

7229 

4887 
7199 

5150 


3704 
3706 

5037 
5063 
6210 
5748 
5775 
6015 
8029 
7896 
7897 
7969 
8009 
8011 
8012 
8013 
8015 
8016 
8027 
8028 
8041 
8042 
8048 

4446 

7181 

5665 

5661 

5206 
5n7 


Oct.  31,1908 
Nov.  12,1906 
Nov.  14,1908 

Da 
Nov.  16,1908 
Nov.  20,1908 
Oct.    19,1909 

Da 
Nov.  19,1909 
Dec.  13,1910 

Nov.    8,1909 

Nov.  29, 1900 

Sept.  24, 1909 

Sept.  26, 1910 

Sept.  19,1910 
Nov.    8,1910 

Sept.  21, 1909 
Oct.    12,1900 

Oct.  1,1906 
Sept  20,1900 
Sept.  27,1900 

Da 
Sept  28, 1909 
Oct.     6,1909 
Oct.   11,1909 

Oct.   21,1909 

Oct.  18,1907 
Oct.  16,1909 

Nov.  16,1907 

Dec.  11,1907 

Oct.  12,1906 
Oct.  16,1905 

Nov.  8,1907 
Nov.  11,1907 
Dec.  2, 1907 
Oct.  12,1906 
Oct.  17,1908 
Nov.  14,1906 
Nov.  9.1910 
Oct.  7,1910 
Oct.  8, 1910 
Oct.  27,1910 
Nov.  3,1910 

Da 

Da 

Da 

Da 

Da 
Nov.    9,1910 

Da 
Nov.  14,1910 

Da 
Nov.  19,1910 

Nov.  30,1906 

Oct.   11,1909 

Oct.     1,1908 

Sept.  30, 1908 

Dec.  2, 1907 
Oct.     7,1906 
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32  ANALYSES  OF   SUGAB  BEETS,  1905  TO  1910. 

Sugar-beet  analyzes,  made  in  the  Bureau  of  Chemistry — Continued. 


County  and  town. 

Analysis. 

Condition 
of  sample. 

Serial 
ber. 

Date  of 
analysis. 

state. 

Averace 
weight. 

Sugar 

in 
Juice. 

Purity. 

South  DakoU. . 

Butte   tJ 

Vale 

Ounce* 
16 

14 

12 
5 
17 
22 

19 

24 

21 

16 
12 

21 

20 

7 

40 

4 

9 

22 

22 

19 

60 
10 
56 
64 
35 

20 

6 

18 

24 

12 
16 
12 
19 
12 
26 
16 
16 
16 

16 

44 
32 
31 
25 

20 
35 

20 
12 
28 
28 
16 
13 

16 
20 
40 

16 

PercenL 
l&O 

las 
a7 

11.9 
8.7 
13.8 

7.6 

10.8 

13.6 

10.1 
10.9 

8.0 
9.3 
10.2 
6.9 

13.9 
14.7 

5.9 

15.4 

13.1 

12.8 
13.3 
12.8 
13.2 
14.0 

8.3 

15.9 

13.0 

14.2 

13.9 
13.0 
14.0 
15.3 
16.5 
12.0 
14.2 
12.5 
15.4 

3.0 

10.3 
13.8 
15.5 
12.6 

12.2 
11.4 

17.8 
14.2 
15.2 
17.3 
13.4 
11.6 

10.0 
7.9 
11.9 
16.3 
15.3 
14.2 

7Sl3 

8a7 

69.6 
77.1 
66.4 
76.7 

62.2 

75.5 

81.7 

73.7 
76.2 

61.6 
73.2 
71.3 
60.0 

83.2 
85.6 

47.2 

84.2 

74.0 

76.4 
74.5 
71.5 
73.3 
80.5 

64.9 

Pithy 

Very  soft.... 
Fair 

4908 

7428 

7096 
7222 
7247 
7^9 

7088 

7172 

7236 

7118 
7288 

7090 
7093 
7393 
7999 

7080 
7886 

7206 

7902 

6038 

3706 
3707 
3708 
3710 
5233 

8023 

6043 

6037 

3712 

3713 
3714 
3716 
5028 
6010 
7182 
7183 
7273 
7291 

5064 

3709 
4444 
4465 
5153 

6039 
6040 

7864 
7872 
7873 
7874 
7890 
7941 

8721 
3722 
4375 
4379 
4445 
5850 

Got.  24,1907 

Stanley    a 

Philip 

NoY.  30,1900 

Tennessee 

Coffee    a 

TuUahoma 

Do 

Sept  21,1900 
Oct.   21.1900 

Obod 

do 

Fair 

Do 

Oct.   25,1900 

Do 

Nov.  30,1900 

Dickson    b 

Tennessee  City.... 
Franklin    p 

Winchester 

Grainger    cf 

Rutledge 

Good 

Fair 

Sept.  16,1900 
Oct.     8,1900 

Good 

do 

Fair 

Oct   23,1900 

Hamblen    cf 

Morrlstown 

Do 

Sept  28, 1900 
Oct   30,1900 

Hickman    n 

Vernon 

Poor 

Good 

do 

do 

Fair 

Good 

Fair 

Sept  20, 1900 

Do 

Do. 

Do 

Not.  19,1900 

Do 

Oct  31,1910 

Humphrejrs    □ 

McEwen 

Sept  17,1900 

Do 

Oct     4,1910 

Warren    d 

McMinnville 

Armstrong    ta 

Goodnight 

Brown    a 

Blanket 

Oct    19,1909 

Texas , 

Good 

do 

Oct     8,1910 
Nov.  20,1908 

Carson   ti 

Groom 

Oct    16,1906 

Do.  .      . 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Cass    cf 

Avinger 

Dec.  10,1907 
Nov.    8,1910 
Nov.  23,1906 

Good 

Castro   t3 

Summerfleld 

Comanche    a 

Comanche 

77.4 

81.6 

79.1 
73.6 
79.3 
81.2 
86.0 
71.4 
77.1 
70.5 
79.6 

35.7 

70.3 
74.6 
77.4 
73.3 

70.1 
72.1 

82.9 
80.8 
80.7 
84.7 
70.5 
75.5 

70.2 
68.5 
77.8 
82.9 
74.7 
83.5 

Soft 

Nov.  20,1906 

Dallam   t3 

Dftlhfirt,     ,    , 

Small,  very 

dry. 
Very  dry.... 
Drv. 

Oct.    18,1906 
Do. 

Do 

Do.        .  , 

Do. 

Do 

do 

Do. 

Do 

Nov.    7,1907 

Do 

Good 

do 

do 

do 

do 

Nov.  13,1908 

Texline . . . 

Oct    11,1909 

Do 

Do. 

Do 

Oct.   28,1900 

Do 

Nov.    1,1909 
Nov.  11,1907 

Dallas    cT 

Dallas 

Donley    tl 

Jericho 

Oct    16,1906 

Do 

Nov.  31,1906 

Clarendon 

Nov.  14,1906 

Do.... 

Nov.  19,1907 

Erath    b 

Stephen  ville 

Dublin.. 

Fair.  . 

Nov.  20,1908 
Do. 

do 

do 

Good 

do 

do 

do 

do 

Very  drv 

do 

Fannin    d 

Honey  Grove 

Do 

Sept  27,1910 
Oct     1,1910 

Do. . . . 

Sept  30, 1910 
Do. 

Do 

Do... 

Oct     3,1910 
Oct.   19,1910 

Oct   18,1906 
Do 

Do 

Gray    t3 

McLean 

Do 

Do 

S^t  25,1906 
Oct     8,1906 
Nov.  81,1906 
Oct   81,1908 

Do 

Do 

Do 

Fair 
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DETAILED  ANALYTICAL  DATA.  33 

Sugar-beet  analyses y  made  in  the  Bureau  of  Chemistry — Continued. 


State. 


Cotmty  and  town. 


Analysis. 


Average 
weight. 


Sugar 

in 
jiiloe. 


Purity, 


Condition 
of  sample. 


Serial 
num- 
ber. 


Date  of 
analysis. 


TexMs. 


Hamilton    a 

Hico 

Hartley    t3 
Channlng. . 

Do 

Do 

Do 

Do 

Hartley.... 
Channlng.. 

Do 

Hunt    a 

Cash 

Jeff  Davis   -a 

Valentine.. 
Kaufman    ti 

TerreU 

Oldham   Is 

Wlldorado. 
Parmer   ti 
Bovliui. 

Do 

Polk    D- 

Onalaska... 
Potter   t) 
AmariUo... 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

-      Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

RandaU   ti 

Canyon 

Reeves   -a 

Peoos 

Runneb    d 

BalUnger... 
Scurry   "d 
Hermleigh. 

Do 

Do 

Pyron 

Winston... 
Sherman   tD 
Stratford... 

Do 

Tarrant     b 

Keller. 

Fort  Worth 


Ounces. 
36 

7 

20 
12 
20 
20 
32 
33 
30 

11 

16 

10 

16 


Percent 
13.3 

10.7 
13.6 
7.5 
13.6 
13.0 
11.5 
17.9 
14.3 

12.2 

18.0 

10.6 

16.5 

13.8 
18.7 

8.3 

11.1 
16.7 
17.0 
12.8 
11.3 
16.3 
16.0 
18.3 
11.2 
16.7 
15.4 
16.5 
20.1 
13.1 
14.4 
14.3 
14.9 
15.6 
15.8 
15.3 
16.4 
15.5 
17.5 
17.9 
18.4 
18.2 
16.4 
17.0 
17.4 
18.1 
15.8 
17.4 
17.7 
16.7 
16.7 

15.7 

16.4 

14.0 

9.9 
13.1 
15.6 
16.5 
14.2 

16.3 
16.0 

6.0 

ia4 


79.3 

72.3 
78.6 
60.0 
76.8 
73.0 
69.3 
79.4 
72.9 

77.2 

86.5 

66.1 

83.3 

72.2 
89.5 

53.2 

70.0 
82.8 
82.1 
78.8 
76.0 
84.0 
83.1 
87.7 
75.2 
81.8 
73.2 
80.5 
85.5 
76.7 
81.8 
75.2 
77.2 
78.7 
78.6 
79.2 
79.2 
79.0 
81.3 
83.2 
84.0 
78.1 
77.0 
79.5 
77.2 
79.4 
76.9 
80.2 
77.6 
77.7 
79.1 

80.2 

75.2 

79.1 

75.6 
82.3 
81.2 
80.0 
79.3 

74.0 
74.3 

51.0 
69.8 


Good. 


3716 

Very  dry.... 

3717 

do 

3718 

do 

3719 

do 

3720 

Withered... 

4395 

do 

4443 

do 

4453 

Fah:.... 

do.. 

do.. 

do.. 


Good.. 
Fair... 


Healthy.. 
,...do.... 


Good 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

....do 

Fair 

Fair 


8022 


Poor 

Dry 

Fat 

....do.... 


Wilted. 
....do.. 


8maU,soggy. 
Fair I 


6018 

6051 

7922 

6069 

4387 
7324 

7040 

3741 
3742 
3743 
3744 
3745 
3746 
3747 
3748 
4380 
4463 
4884 
4937 
4938 
5050 
5094 
7356 
7357 
7358 
7359 
7360 
7361 
73d2 
7363 
7364 
7365 
7366 
7367 
7368 
7360 
7370 
7371 
7372 
7373 
7374 
7375 

5744 

6077 

6055 


5681 
5777 
5087 
6028 

4502 
4503 

5720 


Nov.  8,1910 

Oct.  18,1905 

Do. 

Do. 

Do. 

Do. 
Oct.  27,1906 
Nov.  31,1906 
Nov.  5,1906 

Nov.  16,1908 

Nov.  24,1908 

Oct.  14,1910 

Dec.  5,1908 

Oct.  19,1906 
Nov.  4,1900 

July   26,1900 

Oct.   31,1905 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Oct.     8, 1906 
Nov.  13,1906 
Oct.   15,1907 
Oct.   31,1907 

Do. 
Nov.    9,1907 
Nov.  10,1908 
Nov.  16,1900 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Oct.   12,1906 

Dec.  28,1908 

Nov.  24,1908 

Oct     2,1908 

Do. 
Oct.   17,1908 
Nov.  10,1908 
Nov.  17,1908 

Dec.  28,1906 
Do. 

Oct     9,1906 
Nov.  20,1908 
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84  ANALYSES  OF  SUGAB  BEETS,  1905  TO  1910. 

Sugnr-heet  analyses y  made  in  the  Bureau  of  Chemistnf — Continued. 


County  and  town. 

Analysis. 

Condition 
of  sample. 

Serial 
num- 
ber. 

State. 

Average 
weight. 

Ounces. 
16 

66 

16 

32 
32 

20 

16 

9 
9 

6 
8 

13 
24 
36 
13 
24 
24 
18 
16 
22 
52 

35 
20 

16 
16 
21 
33 
27 
23 
20 
8 

10 
12 

10 
17 
11 
9 
13 
24 

22 
19 

18 
20 

15 
16 
16 
16 
17 
12 
17 
18 
18 
16 
2li 

15 

20 
18 
12 
8 
20 
30 

12 
82 

Sugar 

in 
juice. 

Purity. 

Date  of 
analysis. 

Texas 

VanZandt    cT 

Canton 

Victoria    9 

Victoria 

PercenL 
9.0 

7.3 
16.5 

ia9 
ia2 

11.5 
13.4 

11.9 
13.6 
14.3 
15.1 

14.2 
15.8 
14.1 
16.8 
15.8 
15.6 
1&2 
16.6 
15.3 
14.7 

16.0 
15.0 

19.0 
15.4 
16.0 
12.0 
10.6 
12.2 
13.9 
10.7 

14.7 
14.7 
17.0 
12.5 
12.9 
14.0 
16.0 
13.9 

12.2 
14.4 
16.3 
13.9 

14.1 

12.6 
12.7 
13.6 
10.5 
14.1 
17.0 
16.9 
15.0 
16.3 
15.0 

15.0 

13.8 
16.0 
15.8 
14.4 
15.7 
15.4 

1&4 
5.3 

79.6 
52.9 

88.2 

79.0 
73.9 
78.3 
74.6 

75.1 
80.8 
80.5 
80.6 

80.0 
80.1 
73.6 
91.5 
85.1 
80.3 
89.3 
84.0 
80.7 
80.7 

90.9 
86.2 

93.1 
79.0 
84.6 
73.6 
69.8 
75.3 
80.3 
76.9 

87.5 
83.0 
92. 4 
78,4 
79.9 
80.2 
86.4 
79.7 

86.5 
86.7 
92.0 
81.8 

85.4 
75.9 
78.2 
80.4 
76.6 
76.0 
85.0 
82.8 
79.8 
87.0 
76.1 

88.2 

80.7 
81.6 
85.4 
81.3 

87.7 
81.8 

88.9 
62.0 

Poor 

Wilted  and 
moldy. 

Good 

5743 
5603 

6025 

4371 
4372 
4373 
4452 

7206 
7208 
7214 
7215 

7929 
7940 
7971 
7996 
8006 
8019 
8053 
7954 
7955 
8004 

5857 
7904 

6026 
6027 
6045 
6046 
6047 
6048 
6(M9 
8037 

5813 
6016 
6017 
7132 
7133 
7211 
7212 
7213 

5806 
5807 
5814 
6008 

5032 
7097 
7098 
7099 
7100 
7127 
7197 
7198 
7226 
7227 
7295 

6001 

5805 
5962 
5088 
5998 
6002 
6009 

6034 
6041 

Oct   12,1908 
July     1,1908 

Nov.  17,1908 

Sept.  34,1906 
Do. 

Wheeler   ti 

Ramsdell 

Wilbarger    6 

Vernon 

Do 

Do 

'withCTed.'.'.* 

Good 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

Fair 

Do. 

Do 

Nov.    3,1906 

Utah 

Juab   -n 

Nephi 

Oct.   19,1909 
Do. 

Do 

Do 

Da 

Do 

Do. 

Millard   -a 
OwrfR 

Oct.   15,1910 
Oct.   19,1910 
Oct.   27,1910 
Oct.   31,1910 

Do 

Do 

Do 

Do 

Nov.    2,1910 
Nov.    8,1910 
Nov.  18,1910 
Oct.    20,1910 
Do. 

Do 

Do 

Hinckley 

Do 

Do 

Nov.    2,1910 

Nov.    2,1908 
Oct.    10,1910 

Nov.  17,1908 
Do. 

Uinta    D- 

White  Rocks 

l>o 

Good 

Fair 

do...... 

do 

do 

do 

do 

do 

Good 

do 

Fah- 

Virginia 

Alexandria    b 

Arlington 

iTo 

Do 

Nov.  23,1908 
Do. 

Do 

Do 

Da 

Do 

Do. 

Do. . . . 

Do. 

Do 

Nov.  10,1910 

Oct.  23,1908 
Nov.  16,1908 
Nov.  14,1908 
Oct.     1,1909 
Do. 

AugusU    o 

Stuarts  Draft 

Do 

Do 

do 

Good 

Fair  .. 

Do 

Do 

Do 

Good 

do 

do 

do 

Fair 

Oct.    19,1909 
Da 

Do 

Do 

Da 

Botetourt    -d 

Troutvllle 

Do 

Oct.   22,1908 
Da 

Do 

Good 

do 

Fair 

Oct.   23,1908 
Nov.  13,1906 

Nov.    5,1908 

Sept.  21,1909 

Da 

Do 

Clarke    b 

Benyville. 

Good 

Fair 

Do 

Do 

Good 

do 

Fair 

Good 

do 

do 

do 

do 

Fair 

Good 

Fair 

Good 

Fair 

Do. 

Do 

Do 

Do 

Sept.  29,1909 

Oct.    16,1908 

Da 

Do 

Do 

Do 

Oct.  21,1909 
Do. 

Do 

Do 

Nov.    1,1909 

Nov.  12,1908 

Oct.   22,1908 

Nov.  10,1908 

Do. 

Fauquier    b 

Kectortown 

Loudoun    b 

Round  HUl 

Bluemont. . . 

Do 

Round  Hill 

Do 

Nov.  11,1908 

Good 

do 

Fair 

Nov.  12,1908 
Nov.  13,1908 

Nov.  30,1906 
Nov.  21,1906 

Bluemont 

Montgomery   p 

Blacksburg 

ChUdress 

do 
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DETAILED  ANALYTICAL  DATA.  35 

Sugar-beet  anayhesy  made  in  the  Bureau  of  Chemistry — Continued. 


County  and  town. 

Analysis. 

Condition 
of  sample. 

Serial 
num- 
ber. 

State. 

Average 
welgS. 

Sugar 

in 
Juice. 

Purity. 

Date  of 
analysis. 

Vhgliila 

Pulaski  p 

Dublin 

32 
13 
26 
18 
12 
10 
18 
17 
16 
11 
16 
21 
16 
24 
10 
14 
13 
19 
20 
14 

16 
18 
34 

39 

30 
22 
48 
23 
29 
21 
32 
28 
35 
24 
13 
22 
17 
5 
32 
42 
13 
49 
10 
12 
40 
42 
28 
13 
17 

17 

20 
30 

8 

20 
36 

15 
15 
15 
24 
17 
10 
18 
34 
19 
24 
36 
24 

Percent. 
16.5 
17.5 
14.0 
15.5 
17.6 
13.4 
13.7 
12.5 
14.2 
16.6 
15.3 
14.0 

ia4 

11.7 
12.0 
12.0 
14.2 
14.6 
14.6 
12.5 

14.0 
11.1 
13.4 

ia5 

14.6 
16.6 
13.9 
16.5 
16.0 
16.5 
11.8 
15.9 
15.4 
15.3 
15.3 
13.6 
12.5 
12.0 
12.5 
13.4 
10.7 
8.3 
14.8 
14.5 
13.8 
14.3 
11.3 
11.3 
11.3 

14.0 

13.6 
17.1 

8.4 

13.7 
15.6 

16.9 
16.8 
16.4 
13.2 
14.5 
14.9 
15.0 
13.0 
14.8 
11.1 
13.0 
14.4 

86.4 
88.8 
87.5 
83.7 
05.1 
84.8 
85.0 
79.6 
81.8 
85.8 
84.5 
82.8 
71.2 
76.4 
76.4 
7&4 
76.7 
80.0 
79.2 
77.1 

'"7i*3" 

78.2 

68.1 

80.2 
91.6 
86.3 
85.1 
71.1 
86.3 
77.6 
81.5 
80.7 
79.3 
85.7 
83.2 
81.1 
77.2 
76.2 
77.2 
72.7 
62.7 
81.5 
80.5 
81.4 
82.5 
70.6 
77.6 
74.0 

79.0 

81.4 
87.7 
6a8 

79.1 
83.7 

85.3 
89.8 
87.2 
81.9 

7a  8 

82.7 
83.3 
81.2 
82.6 
76.0 
81.9 
82.9 

Fafa- 

do 

do 

do 

Good 

do 

do 

do 

do 

do 

do 

do 

do 

do 

Fair 

5781 
5782 
5843 
5845 
5050 
7122 
n23 
7125 
7238 
7239 
7240 
7241 
7101 
7102 
7103 
7104 
7242 
7243 
7244 
7271 

7124 
7143 
7230 

6013 

5737 
6738 
5844 
5000 
5002 
5045 
6047 
5989 
6090 
6091 
7121 
7126 
7134 
7135 
7136 
7138 
7139 
7186 
7191 
7192 
7210 
7237 
7276 
7965 
8045 

7105 

6005 
6023 
7180 

6000 
6029 

5928 
6929 
5030 
7116 
7140 
7141 
7189 
7190 
7194 
7930 
7956 
8005 

Oct   17,1908 

Do. 
Oct   30,1908 

Do. 
Nov.    7,1908 
Sept.  28, 1900 

Do. 

Do. 
Oct   23,1909 

Do. 

Do. 

Do 

Do 

Pulaski 

Do 

Dublin 

Pulaski 

Do 

Do 

Do 

Do 

Do 

Do 

Dublin 

Sept  21,1909 
Do 

Do 

Do 

Do 

Do 

do 

do 

Good 

do 

do 

Fair-floft... 

Good 

do 

Fair 

do 

do...... 

do 

do 

do 

Good 

do 

do 

Fair 

do 

Good 

do 

Fair........ 

Good 

do 

do 

do 

do 

do 

do 

do 

do 

do 

....do 

do 

Fair 

Good 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

Do 

Do 

Oct   25,1909 
Do 

Do 

Do 

Do 

Do 

Oct    27,1909 

Sept  28,1900 
Oct     3,1909 
Oct     22  1900 

Roanoke  p 

Roanoke 

Do 

Do 

Roftlringhftm     ^ 

Grottoes 

Nov.  14,1908 

Oct    10,1906 
Do 

Smyth   p 

Seven  Mile  Ford... 
Marlon. 

Seven  MUe  Ford... 
AtWn*?.               .      . 

Oct.   30,1908 
Nov.    4,1908 
Do 

Do 

¥aiion. 

Nov.    7,1908 

Do. 
Nov.  10,1908 

Do. 

l>0 

Seven  MUe  Ford.. 
Do 

Do 

Do 

North  Uobton.... 
Do 

Sept.  28,1909 
Do 

Chilhowie 

Oct.     1, 1909 

Do...     . 

Do 

Marion 

Do. 

Seven  MUe  Ford... 
Do 

Oct     2,1909 
Do. 

Do 

Oct    12,1909 

North  Holston.... 
Do 

Oct    13,1909 
Do. 

Marion 

Seven  MUe  Ford.. 
Do 

Oct    19,1909 
Oct    23,1909 
Oct   28,1900 
Oct    24,1910 

Chilhowie 

Do 

Nov.  14,1910 

Sept  21,1909 

Nov.  12,1908 
Nov.  17,1908 
Oct    11,1909 

Nov.  11,1908 
Nov.  17,1908 

Nov.    5,1908 
Do. 

Southampton    q. 
Ivor .  . 

TaceweU    p 

Burkes  Garden.... 
TaseweU 

North  TazeweU... 
Warren    6 

Linden 

Do 

Washington   p 

Abingdon 

Do 

Do. 

Konnarock 

Abingdon 

Sept  27.1909 
Oct.     2, 1909 

Glade  Spring 

Konnarock 

Do 

Do. 

Oct    13,1909 

Do. 

Abbigdon 

Oct    14,1909 

iSo.  z\\\\:.. 

Oct    17,1910 

Do 

Oct    20,1910 

Do 

Nov.    2,1910 
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Sugar-beet  analyses j  made  in  the  Bttreau  of  Chemistry — Continued. 


County  and  town. 

Analysis. 

Condition 
of  sample. 

Serial 
num- 
ber. 

State. 

Average 
weight. 

Sugar 

in 
juioe. 

Purity. 

Date  of 
analysis. 

Virginia 

Wythe    □ 

RuralRetreat 

Do 

Ounce*. 
16 
16 
10 
11 
34 
31 
8 

9 

16 

16 
48 
16 
32 
20 
20 

16 
20 
36 
20 
16 
6 
10 

21 

20 

32 

22 

32 

23 
11 
25 
10 
18 
16 

14 

8 
14 

26 

Percent. 
13.8 
17.0 
14.6 
14.7 
17.7 
16.3 
19.0 

19.2 

12.3 

12.2 
13.6 
12.6 
15.0 
12.7 
16.2 

13.8 
20.3 
14.6 
13.2 
14.7 
17.7 
7.3 

1&3 

6.9 

n.8 

14.8 

n.5 

12.8 
19.3 
15.9 
6.4 
16.0 
24.3 

9.5 

17.8 
11.2 

16.7 

78.8 
83.7 
88.0 
89.1 
84.6 
84.0 
82.5 

89.0 

70.1 

74.8 
79.6 
71.3 
82.6 
77.4 
78.8 

80.0 
78.2 
80.4 
81.1 
77.3 
84.0 
59.5 

86.9 

63.0 

79.3 

79.4 

74.2 

73.4 
82.8 
80.9 
55.1 
81.6 
92.0 

68.8 

86.2 
79.0 

83.1 

Good 

4883 

6164 
8096 
5097 
6032 
6044 
7423 

8157 

Oct.   14,1907 
Not.  20, 1907 

Do 

Fair 

do 

Good 

do 

Soft 

Nov.  11,1908 
Do. 

Do... 

Do 

Nov.  19,1908 
Nov.  23,1906 

Do 

WytheviUe 

Kitsap   ^D 

Manette 

Nov.  23,1900 

Washington.... 

Wilted 

Good 

Dee.  10,1910 

West  Virginia.. 

Jefferson    cf 

Shenandoah  Junc- 
tion. 

Charlestown 

Do 

do 

do 

do 

do 

do 

do 

do 

Bad 

Good 

do 

do 

do 

do 

do 

do 

do 

do 

do 

7928 
7957 
7958 
7960 
8018 
7968 

7972 
8003 
8010 
7964 
8038 
8092 
8021 

8039 

8001 

7903 

7802 

7274 

4886 

4801 
8213 
6226 
6706 
5773 

5804 

7137 
7039 

5780 

Oct.    15,1910 
Oct.   21,1910 

Do 

Do. 

Do 

Do. 

Do 

Nov.    5,1910 

Shenandoah  Junc- 
tion. 
Do 

Oct.   26,1910 
Oct,   27,1910 

Do 

Nov.    2,1910 

Do 

Nov.    3,1910 

Keameysville 

OcL   24,1010 
Nov.  10,1010 

Do 

Nov.  23, 1010 

Summit  Point 

Preston    b 

Reedsville 

Roane   -a 

Bloomlngton 

Summers    p 

Lowell 

Nov.    8,1010 
Nov.  10,1010 
Nov.    1,1010 
Oct.   20,1010 

Wyoming 

Carbon    (? 

Baggs 

Oct.   18,1010 

Crook    d 

Forest 

Oct.   28,1000 

Laramie    q^ 

Cheyenne 

Oct.   15,1007 

Do 

Red^^smail." 

do 

Good 

Fair 

Poor 

Fair 

do 

Good 

Oct.   23,1007 

Chugwater 

Dec.    3,1007 
Do. 

Cheyenne 

Oct     6,1006 

Do 

Oct.   15,1006 

Oct.   22,1008 

Oct.     2,1000 
Oct.   18,1010 

Oct.   17,1006 

Sheridan    b 

Kendrick 

Weston    tf 

Cambria 

Horton 

Uinta   -D 

Toyman ... 

TEARLT  AVERAGE  AITALTTICAL   DATA  BT  STATES,  FROM  1884 
TO  1900,  ASD  FROM  1906  TO  1910. 

The  following  table  contains  the  yearly  average  analytical  figures 
of  the  bureau  for  beets  grown  in  the  varioustStates  since  1884,  with 
the  exception  of  the  years  1901-1904.  The  figures  are  of  value  in 
showing  the  variabiUty  of  the  sugar  content  and  purity  by  years  and 
in  providing  a  basis  for  a  comparison  of  the  various  States  as  sugar- 
beet  producers.  Unlike  the  preceding  table,  the  sugar  content  has 
been  figured  by  a  factor  to  the  sugar  in  the  beet.  The  results  for  the 
years  up  to  1898  are  taken  from  Bulletin  No.  52  of  the  Bureau  of 
Chemistry,  while  the  results  for  1898,  1899,  and  1900  are  taken  from 
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the  Report  of  Progress  of  Beet  Sugar  Industry  in  the  United  States 
for  these  years.  The  results  for  1905  to  1910  are  based  on  the  figures 
given  in  this  report. 

Yearly  average  of  analyses  of  heetSy  by  States^  made  in  Bureau  of  Chemistry ^  1884  to 

1900  and  1906  to  1910. 


SUte  and  year. 

Num- 
ber of 
sam- 
ples. 

Aver- 
age 
weight 

Sugar 
inbeet.i 

Puri- 
ty. 

66.7 
73.2 
77.6 

5a9 
704 
77.2 

58.8 
64.7 
71.5 
67.5 
55.5 
61.6 
803 
78.8 

■75.'4 

85.3 
84.6 
75l8 
77.6 

"8d'2 
82.0 
78.9 
82.2 
79.9 
82.6 

76.1 
76.1 
81.7 
74.0 
7a7 
801 
802 
7&7 
82.6 
86.7 
79.5 
82.8 
709 

76.1 
77.3 
7a  2 
75.5 
73.4 

78.8 
81.4 
75.6 

64.9 
64.0 
75.0 
86.6 
73.7 
71.6 
73.2 

68.3 
74.9 
79.1 
76.2 
79.4 
78.3 

State  and  year. 

Num- 
ber of 
sam- 
ples. 

A\-er- 
wei^ht. 

Sugar 
inbeeU 

Puri- 

ty. 

Alabama: 

IflOS 

Ovmeet. 

P.ct. 
59 
8.5 
12.4 

7.7 
0.3 
13.9 

&4 
9.4 
11.3 
7.1 
6.0 
6.7 
108 
14.4 
12.3 
109 

13.7 
14.7 
11.1 
14.7 
1&8 
14.6 
13.9 
12.9 
13.3 

ia5 

16.8 
12.5 

lai 

14.8 
13.2 
13.6 
13.7 
14.4 
14.1 
l&l 
19.7 
13.6 
1&7 
11.9 

9.7 
10  8 
103 
10  9 
10  0 

11.3 
VLb 
10  0 

11.1 
6.8* 
11.0 
14.2 
9.6 
8.5 
9.6 

8.0 
12.7 
14.7 
10.2 
15.5 
12.0 

Idaho— Continued. 
1809 

1 

19 
1 
2 

8 
36 
59 
32 
38 
25 
16 
7 
27 
1 
7 
3 

56 
77 

'\ 

103 
88 
29 
15 
3 
2 

1 
1 
3 

30 

321 

30 

7 

130 

147 

67 

39 

16 

2 

10 

22 
36 
22 
1 
41 
16 
35 
20 
11 
6 
1 
3 

3 
4 

6 
4 

1 
12 

3 
1 

2 

Ounces. 
36 
26 
24 
27 

31 
32 
15 
17 
20 
26 
27 
20 
19 
12 
29 
41 

23 
27 
14 
10 
14 
21 
19 
21 
26 
42 

27 

27 
29 

22 
30 
24 
17 
18 
26 
24 
33 
24 
28 
30 

32 
33 
25 

27" 

22 
22 
25 
19 
28 
24 
7 

34 
13 
16 
14 
5 
18 

12 
5 

19 

P.ct. 
10.8 
13.5 
19.1 
16.3 

10.3 

n.7 

10.9 
13.1 
10.2 
10.6 

8.3 
11.6 
16.0 
18.8 
12.0 

9.6 

10.7 
11.6 
11.2 
10.7 
13.1 
10.1 
11.4 
9.4 
11.6 
11.1 

11.6 
9.6 
7.9 

11.8 
11.8 
10.9 
12.8 
13.3 
11.4 
10.9 
9.5 
11.3 
14.8 
11.3 

8.3 
10.7 
11.1 
14.3 
11.4 
10.3 

9.6 
10.1 
10.8 
11.4 
15.3 
15.7 

9.1 
8.9 
11.9 
5.9 
7.4 
8.5 

10.3 
9.0 

8.1 

75.0 

1806 

1 

g 

170 

174 
50 
64 
67 
22 
2 
9 
24 
4 

2 
5 

4 
2 

1 

*1 
2 

1 

2 

iS 

1 

2 

1 
2 

1 
2 
2 
7 
5 

18 
13 

51 
23 
16 

40 
12 
18 
23 
15 
9 
8 
5 
16 
16 

19 
13 
48 
14 
26 
26 
11 
13 
13 
23 
32 

20 
26 
18 
17 
20 
22 
24 
25 
29 
19 
17 
35 
20 

14 
27 
21 
17 
20 

14 
24 
15 

12 
47 
14 
10 
33 
14 
11 

4 
15 
34 
78 
21 
28 

1900 

81  4 

1909 

1906 

89.5 

Arbofia; 

1910 

83.5 

1891 

Illinois: 

1890 

1897 

72.1 

1908 

1891 

76.4 

ArlraniKiff; 

1892 

75.2 

1891 

1897 

75.6 

1892 

1898 

75.2 

1897 

1899 

72  6 

1898 

1900 

66.2 

1899 

1906 

76  1 

1900 

1906 

81.6 

1906 

1908 

88  0 

1907 

1909 

76.2 

1909 

1910 

71.5 

1910 

Indiana: 

1890 

California: 

72.7 

1884 

1891 

76  9 

1800 

1802 

72.5 

1891 

1893 

73  1 

1892 

1897 

78.9 

1897 

1898 

75  6 

1898 

1899 

73  4 

1899 

1900 

71.1 

1900 

1909 

75  6 

190B 

1910 

74.8 

1909 

Indian  Territory: 
1891 

1910 

75.9 

Colorado: 

1896 

77  1 

1890 

1900 

66.2 

1891 

Iowa: 

1800 

1892 

74  6 

1893                

1801 

75.7 

1897 

1892 

76  2 

1898 

1893 

75.8 

1899 

1807 

73  7 

1900 

1898 

76.1 

1905 

1899 

72  1 

1907 

1900 

70.7 

1908 

1905 

76  1 

1909 

1906 

87.7 

1910..             

1909 

76  2 

Connecticut: 

1890..            

Kansas: 

1890 

69  3 

1891 

1801 

68.2 

I89«..            

1892 

74  2 

1899 

1893 

72  8 

1900.             

1807 

73  8 

Delaware. 

1896 

71  3 

1898. .             

1899     .. 

66  0 

1899 

1900 

72  1 

1900. .             

1907 

72  3 

°-5Sf. 

1908 

76.2 

1909 

82.1 

1898 

1910 

78  6 

1899 

Kentucky: 

1891 

1900 

63  7 

1906 

1892 

77.2 

1909 

1897 

71  5 

1910 

1898 

61.1 

Idaho: 

1890 

1899..^ 

1900 

64.8 

1801 

Louisiana: 

1893 

1892 

72.2 

1893 

1910 

70.8 

1897 

Maine: 

1900 

18B0 

67.7 

1  Calculated  fh>m  sugar  in  juioe  by  teotor. 
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ANALYSES  OF  SUGAB  BEETS,  1905  TO  1910. 


Yearly  average  of  analydes  of  beets ^  by  Stales,  made  in  Bureau  of  Chemistry, ,  18€4  to 
1900  and  1905  to  7970— Continued. 


;  Num- 
State  and  year.     !  ^**/ 


Maryland: 

1890 

1891 

1897 

1898 

1899 

1900 

1905 

1910 

Massachusetts: 

1890 

1898 

1899 

1900 

Michigan: 

1^ 

1891 

1892 

1893 

1897 

1898 

1899 

1900 

1905 

1906 

1907 

1909 

Minnesota: 


1891. 
1892. 
1893. 
1897. 
1898. 


1900 

1910 

Misslssi] 

1908. 

1909. 

1910. 
Missouri: 

1890. 

1891. 

1892. 

1897. 

1898. 

1899. 

1900. 

1908. 

1909. 

1910. 
Montana: 

1891. 

1892. 

1893. 

1897. 


1899... 
1900... 
1909... 
1910... 
Nebraska: 
1890... 


1892.. 
1893.. 
1897., 
1898., 

1900!! 
1908., 
1909., 
Nevada: 
1891.. 
1892., 
IS97. 
1898., 
1899., 
1900., 


30 
50 
71 
88 
450 
34 
236 
478 
21 
28 
2 
2 

107 
41 
22 

7 
49 
21 

9 
10 

1 


Aver- 
age 
weight. 


OttUCM. 

15 
16 
19 
22 
18 
10 
21 
15 

16 
27 
21 

8 

31 
32 
19 
15 
22 
28 
22 
14 
15 
22 
18 
17 

30 
29 
29 
60 
24 
22 
23 
31 
9 


6?i 
13 
324  , 
43  \ 
19 

9 

3 

5 

4 

35 
6 
2 

4 

7  I 
2  I 
4  I 
1 
2 

269 
62 
27 

8 
13 
10 

6 
11 

5 

4 

18 
81 
21 
42 
24 
3 


Sugar  Purl- 
in beet.  ty. 


12.2 

7.4 
11.4 
10.4 
10.2 

9.3 
16.6 
14.6 

12.0 
12.0 
14.6 
14.0  j 

12.0  I 
12.6  ' 

14.1  ' 
13.3 
14.7 
13.2 
13.1 
11.3 
16.4 
15.9 
15.6 
16.0 

11.8 
12.4 
12.2 
10.8 
11.0 
12.7 
12.3 
10.9 
9.3 

4.2 
12.4 
9.9 
9.2 


21 

8.4 

6a7 

20 

ia4 

62.4 

33 

&i 

03.4 

20 

11.7 

73.5 

17 

8.5 

68.6 

17 

7.1 

64.3 

15 

8.5 

67.2 

13 

12.2 

79.7 

16 

ia5 

72.4 

10 

&7 

69.9 

26 

13.2 

76.8 

22 

10.9 

72.8 

15 

14.3 

75.0 

20 

14.4 

77.8 

21 

11.2 

72.6 

40 

ia7 

70.6 

38 

ia4 

60  J 

24 

16.0 

7a  8 

14 

15.9 

8&1 

20 

11.8 

71.9 

35 

11.7 

75.3 

21 

14.2 

79.3 

17 

lai 

60.7 

29 

12.9 

76.9 

25 

12.8 

76.8 

19 

11.3 

74.4 

28 

9.9 

72.1 

19 

9.1 

68.3 

23 

15.0 

8a8 

11 

13  I 
18  I 
12 
18  ' 
10  1 


17.2 
15.9 
18.3 
18.5 
16.9 
9.6 


79.3 
68.5 
79.1 
76.0 
74.6 
74.2 
79.8 
84.0 

82.8 
78.6 
83.3 


78.4 
78.0 
83.4 
82.1 
81.1 
81.9 
79.7 
76.7 
82.8 
83.5 
86.1 
86.0 

75.2 
75.7 
78.1 
70.8 
79.2 
78.7 
77.5 
75.9 
66.0 

65.7 
78.3 
69.9 
72.7 


88.0 
83.4 
81.4 
85.9 
82.2 
79.6 


State  and  year. 


Nevada— Contd. 

1908 

1909 

New  Hampshire: 

1891 

1898 

1899 

1900 

New  Jersey: 

1891 

1897 

1898 

1899 

1900 , 

1909 

New  Mexico: 

1891 

1892 

1897 

1898 

1899 

1900 

1900 

1907 

1908 

1909 

1910 

New  Yorlc: 

1890 

1891 

1892 

1897 

1898 

1899 

1900 

1910 

North  Carolinat 

1892 

1S97 

1898 

1899 

1900 

1907 

1908 

1909 

1910 

North  Dakota: 

1890 , 

1891 

1892 

1893 

1897 

1899 

1900 

19a5 

1908 

1910 

Ohio: 

1890 

1891 

1892 

1897 

1898 

1899 

1900 

1906 

1907 

1908 

1909 

1910 

Oklahoma: 

1891 

1897 

1898 

1K99 

1900 

1907 

1908 

1909 

1910 


Num- 
ber of 

Avpr- 
woight. 

Sugar 

sam- 
ptes. 

In  beet. 

Owneet. 

P,eL 

5 

22 

l&O 

13 

23 

17.5 

1 

19 

11.6 

2 

34 

13.5 

17 

1&5 

29 

ILl 

17 

7.3 

31 

16 

14.2 

33 

20 

11.1 

17 

27 

11.3 

21 

11.4 

16 

7.9 

17 

28 

13.8 

29 

19 

1&3 

13 

17.2 

20 

12.8 

2 

22 

14.9 

2 

23 

14.5 

2 

20 

15.3 

20 

21 

17.9 

51 

19 

1&4 

14 

19 

14.6 

1 

17 

16.0 

10 

15 

12.1 

4 

32 

11.6 

8 

22 

15.4 

225 

21 

16.0 

328 

21 

12.6 

142 

19 

13.0 

51 

22 

13.3 

2 

10 

13.8 

4 

9lO 

23 

9.1 

14 

19 

&6 

17 

7.6 

23 

ia3 

17 

12.2 

26 

9l3 

14 

14.0 

24 

116 

24 

25 

114 

11 

23 

11.8 

11 

24 

12.9 

27 

14.0 

28 

ia5 

22 

13.9 

22 

ia2 

35 

12.7 

15 

14.4 

24 

13.9 

15 

26 

9.8 

66 

31 

11.3 

102 

17 

14.2 

68 

22 

13.8 

409 

24 

11.0 

128 

24 

1L9 

64 

26 

ia3 

5 

27 

17.0 

15 

14 

l&l 

1 

16 

9.6 

2 

18 

1&6 

2 

19 

1L9 

1 

48 

&4 

1 

10 

11.8 

6 

24 

ia2 

2 

31 

ia3 

4 

22 

lao 

3 

23 

14.7 

7 

25 

13.8 

16 

16 

12.0 

4 

19 

13.4 
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Yearly  average  of  analyses  of  heels,  by  States,  made  in  Bureau  of  Chemistry,  18S4  to 
1900  and  1905  to  19i0— Continued. 


State  and  year. 


1890 

1»1 

1802 

1886 

1889 

1900 

1906 

1906 

1907 

1908 

1910 

Pennsylvania: 

1890 

1881 

1892 

1893 

1887 

1806 

1888 

1900 

1907 

1906 

1909 

Rhode  Island: 

1807 

South  Carolina 

1897 

1896 

1899 

1900 

South  Dakota: 

1880 

1891 

1892 

1807 

1898 

1899 

1900 

1907 

1909 

Tainessee: 

1891 

1892 

1897 

1806 

1899 

1900 

1909 

1910 

Texas: 

1800 

1881 

1897 

1888 

1889 

1900 

1905 

1906 

1907 

1908 

1909 

1910 


Num- 
ber of 

Aver- 
w^ht. 

Sugar 

Puri- 

sam- 
ples. 

in  beet. 

ty. 

OuncM. 

P.ct. 

2 

20 

l&l 

73.4 

36 

34 

12.7 

81.1 

12 

19 

14.2 

8a2 

6 

20 

14.1 

83.4 

1 

17 

16.8 

84.3 

11 

10 

12.4 

78.9 

2 

16 

14.3 

81.0 

1 

32 

12.2 

68.0 

3 

26 

17.1 

83.1 

3 

17 

17.0 

86.2 

15 

21 

15.6 

81.3 

10 

27 

8.0 

73.8 

7 

22 

13.3 

78.7 

8 

13 

10.8 

75.8 

1 

11.0 

78.9 

69 

18 

13.8 

79.5 

81 

21 

11.6 

7a  1 

28 

31 

11.2 

76.4 

11 

21 

10.6 

74.8 

1 

13 

15.3 

79.7 

3 

18 

14.2 

82.4 

1 

12 

14.2 

81.4 

2 

21 

11.9 

74.2 

13 

17 

9.9 

79.9 

4 

14 

10.2 

81.2 

4 

14 

13.0 

79.3 

3 

29 

S.A 

69.6 

21 

20 

13.1 

78.6 

202 

22 

12.5 

75.3 

67 

20 

13.1 

75.6 

5 

17 

15.1 

83.2 

24 

16 

13.9 

7a  6 

11 

26 

10.6 

72.8 

9 

29 

10.5 

71.7 

1 

16 

17.1 

75.3 

3 

13 

16.6 

82.8 

6 

20 

&8 

65.8 

1 

10 

9.4 

72.4 

17 

11 

10.8 

71.9 

10 

17 

8.0 

69.3 

2 

64 

8.3 

67.6 

1 

16 

6.4 

54.8 

14 

16 

9.7 

71.1 

2 

26 

10.3 

72.8 

2 

36 

10.0 

69.3' 

10 

23 

10.3 

69.1  ! 

11 

22 

12.6 

76.5  1 

49 

26 

9.6 

60.8  • 

3 

12 

7.6 

53.7  1 

16 

29 

6.9 

56.8  ! 

24 

27 

12.5 

75.6  I 

17 

27 

13.2 

75.8  ! 

8 

19 

14.3 

73.3  . 

24 

20 

12.7 

77.6 

26 

16 

15.1 

77.6 

10 

20 

13.1 

76.9 

State  and  year. 


Utah: 

1897 

1898 

1899 

1900 

1908 

1909 

1910 

Vermont: 

1807 

1898 

1899 

1900 

Virginia: 

1890 

1891 

1892 

1893 

1897 

1898 

1899 

1900 

1907 

1908 

1909 

1910 

Washington: 

1890 

1891 

1892 

1893 

1897 

1898 

1899 

1900 

1910 

West  Virginia; 

1892 

1807 

1898 

1899 

1900 

1909 

1910 

Wisconsin: 

1890 

1891 

1892 

1807 

1896 

1899 

1900 

Wyoming: 

1890 

1891 

1892 

1893 

1897 

1898 

1899 

1900 

1907 

1908 

1909 

1910 


Num- 
ber of 

Aver- 

Sugar 

sam- 
ples. 

wei^t. 

in  beet. 

Ounces. 

P.ct. 

35 

20 

14.3 

14 

16 

13.6 

10 

20 

16.0 

5 

14 

las 

1 

35 

16.2 

4 

8 

13.2 

11 

23 

14.9 

8 

22 

14.2 

68 

22 

13.2 

16 

23 

12.8 

3 

16 

12.1 

20 

16 

10.8 

72 

21 

11.1 

13 

12 

12.0 

14 

16 

13.3 

34 

21 

11.6 

43 

20 

ao 

6 

17 

9.5 

49 

18 

10.0 

2 

16 

14.7 

66 

21 

14.4 

51 

19 

12.9 

6 

20 

11.3 

1 

16 

16.2 

11 

18 

14.5 

31 

18 

14.5 

183 

28 

12.3 

34 

27 

13.7 

6 

27 

13.9 

8 

23 

13.0 

2 

.       24 

14.9 

1 

9 

las 

12 

14 

11.3 

14 

19 

15.4 

4 

28 

9.1 

3 

20 

9.1 

4 

7 

10.7 

1 

16 

11.7 

16 

22 

13.2 

10 

21 

12.8 

432 

26 

11.1 

21 

22 

12.7 

42 

16 

15.8 

16 

24 

13.0 

25 

21 

14.8 

18 

30 

10.0 

5 

26 

16.1* 

18 

12 

13.5 

6 

8 

16.2 

48 

19 

15.9 

34 

19 

17.2 

10 

19 

13.9 

1 

29 

15.9 

2 

20 

13.6 

4 

17 

13.0 

4 

19 

15.6 

2 

20 

14.0 

2 

18 

12.4 

Puri- 
ty. 


81.1 
86.3 
83.6 
81.3 
90.9 
79.4 
82.7 

84.1 
82.8 
79.0 
79.7 

74.0 
76.0 
79.6 
83.9 
76.2 
72.4 
74.2 
74.1 
81.2 
83.7 
79.1 
7a  2 

84.2 
83.9 
76.8 
74.0 
80.7 
81.3 
77.8 
85.6 
89.0 

68.5 
80.4 
72.9 
67.2 
62.7 
70.1 
77.1 

81.3 
75.8 
77.8 
83.3 
79.3 
84.4 
73.1 

7a8 

7ai 

85.2 
80.6 
82.3 
7a  1 
81.9 
7a  6 
73.0 
81.4 
80  1 
79.2 


Digitized  by 


Google 


40  ANALYSES  OP  SUGAR  BEETS,  1905  TO  1910. 
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This  bibliography  does  not  pretend  to  be  complete,  but  it  contams 
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WasTiingtonf  D,  C,  JarmarySly  1911. 
Sir:  I  have  the  honor  to  transmit  for  your  approval  a  report  by 
Bemhard  C.  Hesse,  a  color  expert,  containing  both  original  chemical 
work  done  in  the  bureau  since  the  passage  of  the  food  law  on  anilin 
dyes  used  for  foods,  and  a  valuable  and  extensive  compilation  of  the 
literature  of  the  subject,  especially  with  reference  to  the  harmfulness 
of  coal-tar  colors  and  their  physiological  effects.  These  data  fooned 
the  basis  of  the  opinions  stated  in  Food  Inspection  Decisions  76>  77, 
and  106,  and  are  presented  in  detail  as  of  scientific  and  practical 
mterest  to  all  those  concerned  in  the  use  of  coal-tar  colors  in  foods, 
whether  as  manufacturers,  food  officials,  or  consumers.  I  recommend 
the  publication  of  this  report  as  Bulletin  No.  147  of  the  Bureau  of 
Chemistry. 

Respectfully,  H.  W.  Wiley,  Ohief. 

Hon.  James  Wilson, 

Secretary  of  AgricaUure. 
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COAL-TAR  COLORS  USED  IN  FOOD  PRODUCTS. 


nrrsoDXTCTiov. 

PUBPOSE  OF  THE  INVBSTIGATION. 

For  the  purposes  of  the  investigation  reported  in  the  following  pages^ 
the  legitimacy  of  the  coloring  of  food  and  food  products  under  certain 
conditions  is  regarded  as  established;  the  ethical  and  dietetic  aspects 
of  the  question  of  food  coloring  are  not  here  considered. 

The  means  at  hand  for  coloring  food  products  may  be  conveniently 
classified  as  vegetable,  animal,  mineral  or  inorganic,  and  synthetic 
or  so-called  coal-tar  colors  or  dyes.  Representatives  of  each  of  these 
have  at  one  time  or  another  all  been  used  in  the  coloring  of  food,  and 
the  laws  of  various  European  and  American  States  have,  from  time 
to  time  prohibited  the  use  of  certain  specified  members  or  all  of  each 
or  some  of  the  foregoing  classes.  It  is  therefore  obvious  that  even 
for  the  legitimate  purposes  for  which  food  can  be  colored,  improper 
means  are  at  command,  and  some  of  these,  if  not  all,  have  been 
prohibited  by  law  at  some  time  or  another. 

It  is  the  function  of  the  present  work  to  determine  what  members 
of  the  synthetic  or  coal-car  colors  should  be  considered  legitimate 
for  coloring  foods.  It  is  confidently  believed  that  the  material 
collected  in  the  following  pages  points  clearly  and  solely  to  the 
following  conclusions: 

1.  Coal-tar  dyes  should  not  be  used  indiscriminately  in  foods. 

2.  Only  specified  coal-tar  dyes  should  be  used  in  foods. 

3.  Only  tested  and  certified  dyes  should  be  used  in  foods. 

The  work  here  reported  has  furnished  the  basis  for  Food  Inspection 
Decisions  Nos.  76,  77,  and  106,  issued  July  13,  1907,  September  25, 
1907,  and  March  25,  1909,  respectively,  and  the  investigation  itself 
was  practically  terminated  January  1,  1910. 

The  effect  of  these  decisions  has  been  to  restrict  the  coal-tar  colors 

permitted  for  use  in  foods  to  seven  specified  and  enumerated  colors, 

until  such  time  as  it  shall  be  shown  with  reasonable  conclusiveness 

that  other  colors  should  be  added  to  such  list;  and  further,  all  coal-tar 

colors  permitted  for  use  in  food  are  to  be  of  a  degree  of  purity  and 

cleanliness  acceptable  to  the  Department  of  Agriculture,  and  are  to 

be  so  certified. 
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In  order  to  avoid  any  uncertainty  as  to  the  chemical  composition 
of  the  enumerated  colors,  direct  reference  is  made  in  Food  Inspection 
Decision  No.  76  to  a  standard  work  in  which  such  chemical  composi- 
tion is  clearly  and  unequivocally  set  forth.  The  relevant  parts  of 
Food  Inspection  Decision  No.  76  are  as  follows: 

The  use  of  any  dye,  haimlees  or  otherwise,  to  color  or  stain  a  food  in  a  manner  whereby 
damage  or  inferiority  is  concealed  is  specifically  prohibited  by  law.  The  use  in  food 
for  any  purpose  of  any  mineral  dye  or  any  coal-tar  dye,  except  those  coal-tar  dyee 
hereinafter  listed,  will  be  grounds  for  prosecution.  Pending  further  investigations 
now  under  way  and  the  announcement  thereof,  the  coal-tar  dyes  hereinafter  named, 
made  specifically  for  use  in  foods,  and  which  bear  a  gtiaianty  from  the  manu^tur^ 
that  they  are  free  from  subsidiary  products  and  represent  Uie  actual  substance  the 
name  of  which  they  bear,  may  be  used  in  foods.  In  every  case  a  certificate  that  the 
dye  in  question  has  been  tested  by  competent  experts  and  found  to  be  free  from 
harmful  constituents  must  be  filed  with  the  Secretary  of  Agriculture  and  approved 
by  him. 

The  following  coal-tar  dyes  which  may  be  used  in  this  manner  are  given  niunbere, 
the  numbers  preceding  the  names  refeiring  to  the  number  of  the  dye  in  question  as 
listed  in  A.  G.  Green's  edition  of  the  Schultz-Julius  Systematic  Survey  of  the  Or- 
ganic Coloring  Matters,  published  in  1904. 

The  list  is  as  follows: 

Red  shades:  107.  Amaranth.    56.  Ponceau  3  R.    517.  Erythrosin. 

Orange  shade:  85.  Orange  I. 

Yellow  shade:  4.  Naphthol  Yellow  S. 

Green  shade:  435.  Light  Green  S  F  Yellowish. 

Blue  shade:  692.  Indigo  disulfoacid. 

Each  of  these  colors  shall  be  free  from  any  coloring  matter  other  than  the  one 
specified  and  shall  not  contain  any  contamination  due  to  imperfect  or  incomplete 
manufacture. 

The  reasons,  broadly  considered,  which  led  up  to  these  food  inspec- 
tion decisions  are  given  in  concise  fashion  in  this  introduction. 

Looking  over  the  restrictions  placed  upon  coal-tar  colors  by  the 
lawmakers  of  the  various  countries  it  will  be  found  that  certain 
colors  are  in  some  instances  specifically  prohibited  and  in  other 
instances  that  certain  specific  colors,  or  classes  of  colors,  and  only 
such,  are  permitted  for  the  legitimate  purposes  of  food  coloring. 

Private  organizations,  such  as  the  Swiss  Society  of  Analytical 
Chemists  and  the  National  Confectioners'  Association  in  the  United 
States,  have  also  made  recommendations  permitting  specific  colors 
only,  and  in  addition  specifically  prohibiting  others.  Individual 
authors  have  likewise  made  similar  recommendations.  The  control 
of  the  quality  of  the  food  colors  practiced  on  the  part  of  those  Gov- 
enmients  wMch  restrict  the  use  of  coal-tar  colors  to  certain  individ- 
uals, so  far  as  any  publications  show,  has  not  been  very  extensive. 

The  action  taken  against  the  use  of  coal-tar  colors  for  food-colormg 
purposes  has  ranged  all  the  way  from  absolute  prohibition  of  their 
use  for  any  purpose  whatsoever  to  the  practically  xmlimited  use  in 
legitimate  food  coloring  operations  of  all  but  two  of  such  colors. 
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Intermediate  between  these  two  extremes  we  find  the  prohibition  of 
a  greater  nmnber  than  two,  or  of  all  the  members  of  this  class  except 
certain  specified  colors,  and  even  here  with  the  restriction  that  they 
shall  be  used  only  for  certain  legitimate  food-coloring  purposes. 

It  would  be  desirable  to  have  a  number  of  coal-tar  colors  of  estab- 
lished harmlessness  specifically  permitted,  particularly  if  the  number 
be  sufficient  to  meet  all  the  legitimate  demands  arising  in  the  food- 
coloring  art.  To  prohibit  only  specified  coal-tar  colors  and,  by 
implication,  to  permit  all  the  rest  of  this  class,  would  allow  the 
tmrestricted  use  of  newly  discovered  colors,  and  all  other  coal-tar 
colors  not  examined  as  to  their  effect  on  health.  A  limited  list  of 
permitted  coal-tar  colors  which  would  make  the  use  of  all  coal-tar 
colors  outside  of  the  permitted  list  illegal  would  properly  protect 
the  health  and  could  work  no  substantial  hardship  upon  those 
engaged  in  food  coloring.  Any  such  hardship  would  be  avoided  by 
providing  that  if  it  is  shown  that  none  of  the  colors  of  the  permitted 
list  meets  certain  legitimate  requirements  and  that  coal-tar  colors 
outside  the  permitted  list  are  capable  of  satisfying  this  need  and  are 
in  and  of  themselves  harmless  the  permitted  list  can  be  expanded  by 
the  proper  authorities  to  meet  additional  needs  or  growing  require- 
ments without  exposing  the  pubUc  health  to  any  risk. 

NXTHBBB  OF  COLORS  PBKMTTTED. 

It  will  be  shown  in  the  following  pages  that  in  the  summer  of  1907 
there  were  on  the  market  of  the  United  States  80  different  chemical 
individuals,  or  so-called  coal-tar  colors,  offered  for  the  coloring  of 
food.  It  has  been  known  since  1888  that  it  is  unsafe  to  attempt 
to  predict  the  harmfulness  or  the  harmlessness  of  coal-tar  colors  by 
inference  or  analogy;  therefore  an  ideaUy  perfect  permitted  list  should 
contain  only  such  colors  as  have  each  been  examined  physiologically, 
separately,  and  specifically,  and  their  harmlessness  determined  by 
actual  test.  Out  of  the  80  colors  referred  to  30  had  not  been  exam- 
ined at  all,  so  far  as  the  Uterature  shows,  and  therefore  their  harm- 
lessness is  certainly  open  to  question;  26  had  been  examined  physi- 
ologically, and  the  published  accounts  with  respect  to  their  harm- 
lessness or  their  harmfidness  are  in  each  case  contradictory;  on  8 
none  but  adverse  reports  were  to  be  found  in  literature,  leaving 
only  16  out  of  80  colors  on  the  market  which  had  been  established 
with  more  or  less  certainty  as  harmless — that  is,  the  users  of  these  8 
colors  were  deUberately  taking  chances  with  the  pubUc  health,  since 
the  harmful  nature  of  those  8  had  for  a  long  time  past  been  known  to 
those  conversant  with  such  subjects;  the  use  of  the  26  doubtful 
colors  is  more  defensible  than  the  use  of  the  8  known  to  be  harmful. 
Out  of  the  30  of  whose  action  nothing  was  known  it  can  not  be  said 
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how  many  are  or  are  not  harmful,  nor  can  the  risk  forced  upon  the 
public  health  be  satisfactorily  measured. 

This  brief  summary  must  suffice  for  the  present  as  a  justification 
for  the  restrictions  of  the  permitted  colors  to  7  in  number.  The  full 
reasons  for  each  and  every  step  will  appear  in  their  proper  places  in 
the  pages  following. 

QUALITY  AND  BFFICIENOT  OT  COLORS  PEBKITTSD. 

An  examination  of  30  specimens  representative  of  the  7  selected 
permitted  colors  on  the  United  States  market  in  the  summer  of 
1907  disclosed  such  a  condition  of  uncleanliness  of  product,  or  care- 
less or  improper  manufacture,  and  the  use  of  such  utterly  inferior 
quaUties  of  products  for  food  coloring  purposes,  that  control  over 
tiie  quaUty  of  the  seven  permitted  colors  seemed  necessary.  The 
results  of  the  work  in  the  making  and  maintaining  of  standards  of 
quality  for  each  of  these  seven  colors  also  justify  this  control.  That 
there  was  in  1907,  and  for  a  year  or  more  later,  a  considerable  diver- 
gence of  opinion  among  chemists  as  to  what  should  be  the  proper 
quality  requirements  for  these  colors  is  shown  by  the  fact  that  out 
of  72  foundation  certificates  offered  in  accordance  with  Food  Inspec- 
tion Decisions  Nos.  76  and  77,  57  were  rejected  on  their  face  because 
they  did  not  comply  with  the  standards  of  quality  then  in  mind, 
or  then  shown  to  be  commercially  attainable.  Much  objection  has 
been  made  by  many  of  those  whose  certificates  were  rejected  on  the 
ground  that  the  standards  then  in  mind  were  unreasonable,  unjusti- 
fiable, and  nonattainable.  The  actual  results,  however,  are  that 
with  very  few  exceptions  the  standards  in  mind  early  in  the  work 
have  all  been  exceeded  in  practice;  the  41,000  pounds  (20.5  tons) 
of  certified  colors  now  in  existence  made  in  97  batches,  or  an  average 
of  more  than  420  pounds  per  batch,  are,  with  the  exception  of  perhaps 
one  or  two  first  batches,  far  cleaner  than  was  expected  when  the  57 
certificates  above  referred  to  were  rejected. 

There  has  been  no  complaint  against  the  permitted  colors  for  want 
of  efficiency  or  for  the  possession  of  unsuitable  attributes,  which  has 
been  pressed  or  sustained  with  any  such  earnestness  as  would  rea- 
sonably be  expected  if  the  defects  complained  of  were  as  great  as 
they  were  represented.  Complaints  have  been  made  against  the 
yellow,  when  used  in  acidulated  fruit  sirups,  on  account  of  its  pos- 
sessing a  bitter  taste;  the  proof  of  this,  so  far  as  any  has  been  offered, 
was  for  a  long  time  not  of  a  convincing  nature,  and  it  was  two  years 
after  the  first  objection  was  raised  before  any  concerted  or  positive 
action  was  taken  by  those  interested.  The  yellow  has  also  been 
criticized  because  it  is  not  sufficiently  fast  to  light;  although  it  was 
satisfactorily  shown  that  another  yellow  was  faster  to  light  than  the 
permitted  yellow,  no  one  has  maintained  that  the  yellow  desired 
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was  actually  preferable  to  the  permitted  yellow  wholly  and  solely 
because  of  its  superior  fastness  to  light. 

The  blue  has  been  criticized  because  it  is  not  of  the  proper  shade 
to  permit  of  its  use  in  the  bluing  of  sugar,  but  the  substitute  offered 
therefor  has  not  been  supported  by  its  sponsors  in  a  way  to  indicate 
that  a  defect  of  serious  magnitude  exists.  On  the  groimds  of  suffi- 
ciency and  of  efficiency  the  list  of  permitted  colors  selected  appears 
to  have  been  justified  by  the  absence  of  any  real  or  substantial  com- 
plaint against  them,  on  either  or  both  of  these  grounds,  during  a 
period  of  more  than  three  years. 

None  of  the  seven  permitted  colors  is  patented;  their  manufacture 
and  their  purification  are  open  to  all,  and  none  of  the  80  colors  on 
the  market  in  the  sununer  of  1907,  with  perhaps  one  exception,  had 
been  discovered  since  1891 ;  in  other  words,  the  advances  in  the  coal- 
tar  industry  from  1891  to  1907  had  added  nothing  to  the  colors 
serviceable  to  the  art  of  food  coloring. 

The  list  of  colors  permitted  in  Food  Inspection  Decision  No.  76 
embraces,  therefore,  a  sufficient  number  of  colors  for  all  legitimate 
food-coloring  purposes,  the  coloring  of  fats,  oils,  butter,  etc.,  excepted, 
for  which  no  suitable  color  had  been  examined  and  reported  in  the 
literature  as  being  harmless  and  fit  for  use  in  foods;  they  can  be  made 
by  any  one;  no  one  can  have  a  monopoly  in  any  one  of  them  by 
virtue  of  patents;  any  competent  maker  can  make  all  or  any  of 
them  and  purify  them  to  the  required  degree  of  cleanliness.  The 
standards  growing  out  of  the  control  exercised  by  the  Department  of 
Agriculture  are  such  as  to  insure  that  the  colors  used  for  food-coloring 
purposes  possess  a  proper  degree  of  cleanliness  and  such  a  degree  of 
cleanliness  is  commercially  feasible  and  is  a  commercial  reahty. 

The  poUcy  adopted  in  this  respect  is  therefore  justified  not  only 
from  the  viewpoint  of  the  history  of  the  attempts  on  the  part  of 
various  governments  to  control  the  quality  of  food  colors,  but  also 
by  the  results  actually  obtained  by  its  adoption.  This  policy  of 
restricting  food  colors  to  certain  chemical  individuals  and  demand- 
ing that  those  possess  certain  qualities  is  in  complete  harmony  with 
the  following  suggestion  made  to  the  commission  on  rules  and  regu- 
lations under  the  food  and  drugs  act,  at  its  hearing  in  New  York, 
in  S^tember,  1906. 

Any  kind  of  a  hanoleaB  color  should  be  permitted,  provided  it  is  not  a  color  generally 
knofm  to  be  poisonous,  or  generally  found  to  be  jKusonous,  or  one  that  may  be  almost 
impossible  to  be  produced  without  containing  some  poison  within  itself  when  finished 
and  ready  for  use.  Coal-tar  colors,  as  a  class,  should  not  be  prohibited,  but  aU  those 
coal-tar  colors  generaUy  found  to  be  poisonous,  or  which  are  hard  to  produce  without 
containing  some  poisonous  properties  when  ready  for  use,  should  be  forbidden  the 
privilege  of  being  used,  ot  offered  for  sale  for  use  in  food. 

Under  the  provisions  of  section  2,  we  have  this  to  recommend  to  the  commission, 
that  every  person  selling  or  using  a  coal-tar  color  in  food  or  drink,  should  be  required 
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to  secure,  either  on  his  own  account,  or  from  the  person  from  whom  he  buys  such  colore 
a  certificate  to  the  effect  that  the  identical  color  used  has  been  tested  for  poisonoas 
ingredients,  and  is,  to  the  knowledge  of  the  chemist  making  the  test,  absolutely  harm- 
less. The  chemist  should  be  required  to  be  a  competent  physiological  chemist,  and 
must  certify  as  above  under  oath.  This  would  mean  not  that  each  package  of  color 
would  have  to  be  tested,  but  that  every  batch  would  have  to  be  tested,  and  the 
certificate  would  then  be  held  to  relate  to  every  batch.  Such  tests  should  be  made 
in  the  United  States  and  the  chemist  certifying  should  reside  in  and  be  a  citizen  of 
the  United  States. 

It  should  not  be  deemed  sufficient  to  have  any  particular  brand  of  coal-tar  color 
tested  once,  and  a  blanket  certificate  given,  covering  the  whole  brand  as  long  afl  it  may 
be  sold,  but  every  oimce  of  coal-tar  color  put  out  by  a  colcn*  manufacturer  should  be 
shown  by  actual  test  to  be  harmless. 

While  the  exact  mode  of  reaching  the  end  in  view  is  somewhat  dif- 
ferent from  the  one  suggested  above,  yet  the  fundamental  object,  that 
each  batch  of  color  used  in  foods  shall  be  specifically  tested,  and  that 
such  colors  shall  be  harmless,  is  attained  with  reasonable  certainty; 
and  although  there  are  colors  other  than  these  seven  which  are 
undoubtedly  equally  as  Uttle  objectionable,  and  while  it  is  true  that 
the  present  ^policy  contemplates  the  permitted  use  of  but  seven 
specific  colors,  yet  that  policy,  as  before  outlined,  is  sufficiently  broad 
and  elastic  to  enable  the  addition  of  a  color  to  the  permitted  list, 
when  it  is  shown  that  such  color  really  fills  a  need,  not  properly  satis- 
fied by  one  of  the  colors  already  permitted  or  some  combination  of 
these,  and  is  in  and  of  itself  harmless.  There  can  be  no  objection  to 
the  expansion  of  the  list  to  such  an  extent  as  to  include  every  harmless 
coal-tar  color  in  existence;  but  the  burden  of  proving  such  real  need 
and  harmlessness  is  very  properly  placed  upon  those  who  are  seek- 
ing such  expansion. 

As  far  back  as  1892  the  following  statement  was  made  on  page  IV 
of  the  LeflFmann  translation  of  WeyPs  book  on  coal-tar  colors,  in  con- 
nection with  the  various  European  legislative  enactments:  *'It  is 
certain  that  none  of  these  plans  is  even  approximately  satisfactory 
and  the  problem  will  be  even  more  difficult  of  solution  in  the  United 
States;  indeed,  it  seems  to  me  to  be  unsolvable."  In  view  of  this 
opinion  the  results  of  the  food  inspection  decisions  as  herein  shown 
may  properly  be  regarded  as,  at  least,  a  step  in  the  right  direction 
toward  the  solution  of  this  problem. 

This  opinion  is  further  supported  by  C.  A.  Neufeld  who,  in  review- 
ing Food  Inspection  Decision  No.  76,  says:  "The  idea  of  permitting 
only  specific  selected  coloring  matters  for  use  in  the  production  of 
articles  of  food,  and  of  excluding  all  other  colors  from  such  uses,  must, 
in  the  interest  of  control  of  articles  of  food,  be  regarded  as  an  extra- 
ordinarily happy  one;  a  similar  regulation  is  to  be  urgently  recom- 
mended for  our  own  country."  (Zte.  Nahr.  Genusem.,  1908,  v.  16, 
p.  4S4.) 
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IDEHTITT  OF  COAL-TAB  OOLOSS  USED  IS  FOOD  PBODVOTS  IS 
THE  UIITED  STATES  IS  1907. 

OOLLBOnOK  OF  SAMPLES. 

The  question  "Which  coal-tar  colors  shall  be  permitted  for  use  in 
coloring  such  food  products  as  are  to  be  consumed  within  the  United 
States?''  can  be  answered,  "All  colors  now  in  use,  or  to  be  used  for 
that  purpose,  provided  they  are  harmless  and  necessary  aa  defined  on 
page  14/' 

This  inyolves  the  further  questions: 

1.  YThich  coal-tar  colors  of  the  695  different  chemical  individuals 
now  on  the  world's  markets  are  actually  used  in  the  United  States  for 
that  purpose ! 

2.  If  restricted  to  such  coal-tar  colors  as  are  now  in  use  in  the 
United  States  for  this  purpose,  would  this  be  likely  to  hamper  or  inter- 
fere with  the  invention  of  other  coal-tar  colors  suitable  for  the 
coloring  of  food  ! 

It  would  be  physically  impossible  to  go  to  every  user  of  coal-tar 
colors  in  food  products  in  the  United  States  and  obtain  specimens  of 
the  coal-tar  colors  so  employed;  this  would  be  impracticable  not  only 
because  of  the  large  number  of  such  users,  and  their  wide  geographical 
distribution,  but  also  because  they  often  do  not  know  what  they  are 
using,  and  further  because  of  a  reluctance,  undoubtedly  to  be  encoun- 
tered among  many,  to  disclose  the  nature  of  the  products  employed. 
This  is  rendered  more  than  likely  by  the  attitude  of  some  of  the 
makers  of  coal-tar  colors,  or  their  accredited  agents,  as  will  be  shown 
later. 

However,  the  sources  of  coal-tar  colors  are  limited  in  number.  By 
reference  to  pages  IX  and  X  of  *'A  systematic  survey  of  the  organic 
coloring  matters,"  by  Arthur  G.  Green,  published  in  London  and  New 
York  by  Macmillan  &  Co.  (Ltd.),  in  1904  (hereinafter  referred  to  as 
"Green  Tables"),  it  will  be  seen  that  there  are  approximately  37 
different  concerns  the  world  over  engaged  in  the  manufacture  of  coal- 
tar  colors.  Therefore  a  canvass  of  these  sources  for  such  coal-tar 
colors  as  in  their  judgment,  or  in  their  business  practice,  they  regard 
as  proper  for  use  in  food  products,  is  the  best  way  of  arriving  at  a  fair 
demarcation  of  the  field  of  coal-tar  colors  here  in  question. 

Communication  was  therefore  had  with  13  actual  manufacturers  of 
coal-tar  colors,  in  an  endeavor  to  obtain  from  them  such  coal-tar 
colors  as  in  their  judgment  or  business  practice  are  suitable  for  use,  or 
are  used  in  food  products. 

A  request  was  also  made  for  information  as  to  the  chemical  com- 
position of  the  coal-tar  color  specimens  submitted;  in  order  to  avoid 
confusion,  it  was  further  asked  that  reference  be  made  to  the  Green 
Tables,  in  which  each  chemical  individual  or  coal-tar  color  has  it8 
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own  number,  and  if  any  of  the  contributed  specimens  was  not  so  listed 
that  the  chemical  composition  be  stated  in  a  manner  analogous  to 
that  used  in  the  Green  Tables.  This  procedure  was  necessary  in 
order  to  reduce  the  terminology  to  a  common  and  nonequivocal  basis- 
Out  of  the  13  makers,  or  their  accredited  sole  importers  or  selling 
agents  in  the  United  States,  who  were  consulted,  9  have  suppU^  the 
specimens  requested;  the  remaining  4  promised  to  contribute,  but 
have  not  done  so.  In  the  following  table  is  shown  the  amount  and 
character  of  the  information  obtained: 

Tabulation  of  distnlmtion  of  replies  and  characUr  of  informaJtion  received. 


Qeographical  distrlbatlon. 

Number 
of 

samples 
oontri- 
bated. 

Nmnber 

of 
samples 
referred 

to 
Qreen 
Tables. 

Nmnber 

of 
samples 

not 
referred 

to 
Green 
Tables. 

No 

Oonntry. 

Coal-tar 

color 
makere. 

Maken 

asked 

to  send 

samples. 

Ifakera 

not 
sending 
samples. 

Makers 
sending 
samples. 

composi- 
tion or 
ambiga- 
ons  ter- 
minology. 

OermMiy 

16 
8 
6 
6 

} 

1 

6 
1 
1 
3 
2 

6 
1 

181 
12 

106 
12 

1 

74 

Fngliinrf  . 

France.    .     . 

1 
3 

Swltwrland 

United  States 

2 

61 

35 

5 

21 

Holhivid 

Belplxnn 

TotaL 

37 

13 

4 

9 

254 

153 

6 

96 

In  order  to  make  provision  for  the  24  makers  listed  in  the  Green 
Tables  and  not  included  in  the  13  makers  addressed  requests  for 
samples  were  sent  to  two  domestic  houses  which  import  coal-tar  colors 
from  scources  other  than  the  above,  for  use  in  food  products;  their 
products  must  fairly  represent  any  of  the  colors  not  covered  by  the 
13  makers  addressed.  Of  these  two  importers,  one  responded  with 
13  samples,  and  of  each  he  gave  the  number  in  the  Green  Tables 
corresponding  to  each  specimen;  the  other  importer  has  not  redeemed 
his  promise  to  contribute  specimens. 

A  third  importer  volimteered  the  Green  Table  numbers  of  four  out 
of  five  coal-tar  colors  used  in  his  business,  but  could  not  even  approx- 
imately say  what  the  remaining  color  was  chemically.  He  did  not 
contribute  any  specimens,  nor  was  that  necessary  at  the  time  this 
information  was  volimteered. 

A  fourth  importer  contributed  specimens  of  five  coal-tar  colors 
needed  in  his  business,  but  was  able  to  give  Green  Table  numbers  for 
only  three  of  them;  he  could  not  give  even  approximately  the  chem- 
ical composition  of  the  remaining  two. 

Out  of  the  1 7  responsible  concerns  consulted  5,  or  29  per  cent,  have  not 
found  it  to  their  interest  to  contribute  either  specimens  or  information. 
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CLASSIFICATIOK  OF  SAMPLES  SX7BMITTED. 
GBEEN    TABLE    NUMBERS. 

Out  of  the  284  specimens  contributed,  or  reported  on,  172  (60.6 
per  cent)  were  identified  as  to  their  chemical  composition,  by  refer- 
ence to  the  Green  Tables;  6  (2.1  per  cent)  were  otherwise  unequivo- 
cally identified  chemically,  and  for  106  (37.3  per  cent)  the  makers, 
or  their  responsible  agents,  declined  to  state  the  chemical  composi- 
tion, i.  e.,  62.8  per  cent  were  unequivocally  identified,  and  the  remain- 
ing 37.3  per  cent  were  not  so  identified. 

The  specimens  submitted  are  therefore  divisible  into  the  following 
three  classes: 

Class  I.  Those  for  which  nimibers  were  given  in  the  Green  Tables, 
numbering  172. 

Class  II.  Those  whose  composition  was  given  in  chemical  language, 
niunbering  6. 

Class  III.  Those  whose  composition  was  not  given  in  any  lan- 
guage capable  of  correct  and  certain  translation  into  chemical  terms, 
numbering  106. 

Consider  Class  I.  The  Green  Tables,  page  VI,  divide  the  coal-tar 
coters  into  21  groups,  comprising  695  different  chemical  individual 
coal-tar  colors.  The  172  members  of  Class  I  number  in  all  74  indi- 
viduals, or  10.6  per  cent  of  the  Green  Tables,  and  fall  into  11  of  the 
21  groups  of  those  Tables. 

llie  following  table  classifies  the  samples  according  to  the  Green 
Table  groups: 

Qreen  T<ible  groups  and  number  of  collected  eamplee  falling  within  them. 


Color  gitmps  of  the 
OraenfibUs. 

Namber 
of  mem- 
bers  in 
group. 

Collected    samples 
foUlng   into   the 
several  groups. 

Color  groups  of  the 
Green  iVbles. 

Namber 
of  mem- 
ben  in 
group. 

CoUeoted    samples 
falling   into   the 

Namber. 

Percent. 

Number. 

Percent. 

Ntoo 

6 
U6 
204 
46 
11 

5 
18 

8 

2 
66 
85 

6 

1 

80 
11 

16 
34 

5 

Anthracene 

Indophenol 

A«in 

87 
8 

88 

82 
9 
6 
4 

21 
7 

Moooa«o....; 

i>tatto.. ::;;::::::: 

2 

5 

Triw).... ::;::.::: 

Oxasin.... 

Tetrakisaio 

Thiazln 

2 

22 

Nitroso..™.. :::;::; 

1 

20 

Thiasol 

SUlbene. 

QuinoUn 

1 

25 

Oxyketonc 

Sulj^d 

Jwoylmethane-. 
TriphMiyiinetliane. 
Xinthene 

1 

16 
0 

50 
28 
26 

Indigo 

1 

15 

695 

74 

10.6 

Acridin 

97291^— BuU.  147—12 2 
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SOURCE. 


The  distribution  of  the  74  different  chemical  individuals  of  Class  I 
among  the  12  different  sources  from  which  they  were  obtained  is  as 
follows: 

Distnlmtum  of  the  74  different  samples  of  Class  I  among  the  It  sources  supplying  mnne. 


Number. 

Percent. 

Number 
ofsouToes 
from 
whifh 
eaoh 
came. 

Number. 

Percent. 

Number 
oftonices 
from 
which 
each 
came. 

35 
20 
4 
4 
5 
3 

47.8 

27 
5.4 
5.4 
8.1 
2.7 

1 
2 
3 
4 
5 
6 

1 
1 
0 
1 
0 
0 

1.35 
1.35 

7 
8 
9 
10 
11 
12 

1.35 

It  follows  from  this  table  that  there  is  very  Uttle  unanimity  among 
the  different  concerns  furnishing  coal-tar  colors  for  use  in  food  prod- 
ucts as  to  which  of  their  products  are  desirable,  necessary,  or  siiitable 
for  such  use. 

Inspection  of  this  table  shows  that  only  three  colors  out  of  74, 
or  4  per  cent,  were  wanted  by  more  than  half  of  all  the  sources;  that 
only  6,  or  8.1  per  cent,  were  wanted  by  half  of  the  sources;  and  that 
not  one  of  the  colors  was  wanted  by  all  the  sources.  This  last  state- 
ment is  true  of  manufacturers  as  well  as  importers,  each  group  taken 
by  itself. 

PATENTS. 

This  lack  of  unanimity  is  not  due  to  the  patent  situation,  because 
not  more  than  one  of  these  74  products  is  patented,  and  it  is  more 
than  likely  that  the  United  States  patent  on  this  product  has  long 
since  expired. 

Moreover,  only  6  of  the  12  soiirces  offered  colors  at  one  time 
patented  by  themselves  or  others.  The  total  number  of  such  ex- 
patented  products  is  45,  and  of  these  only  22  were  offered  by  those 
who  had  patented  them;  the  remaining  23  were  offered  by  sources 
other  than  the  ex-patentees,  and  were  not  offered  by  such 
ex-patentees. 

Patented  colors. 


Total  num- 
ber of 
patented 
products 
offered. 

Ex-patented 
products 
offered  by 
patentee. 

Total  num- 
ber of 
patented 
products 
offered. 

Ex-patented 
products 
offered  by 
patentee. 

11 
16 
6 
7 

2 

8 
5 

4 

1 

4 

1 
2 

45 

22 
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It  would,  therefore,  seem  to  be  rather  clear  that  others  think  more 
favorably  of  such  ex-patented  products  as  food  colors  than  do  the 
original  patentees.  In  view  of  the  fact  that  the  latter  would  generally 
be  in  a  better  position,  and  would  have  greater  opportunity  than  any 
one  else  to  judge  of  the  suitability  of  the  patented  products  for  use 
in  food  products,  it  may  well  be  inferred  that  such  products  are  not 
altc^ether  free  from  disadvantages  as  food  colors. 

The  second  of  the  two  questions  propounded,  namely,  If  restricted 
to  such  coal-tar  colors  as  are  now  in  use  in  the  United  States  for  this 
purpose,  would  this  be  Ukely  to  hamper  or  interfere  with  the  invention 
of  further  coal-tar  colors  suitable  for  the  coloring  of  food  products  ? 
can  be  answered  "No"  because  none  of  the  colors  submitted  was 
discovered  later  than  1891;  out  of  the  214  coal-tar  colors  since  then 
discovered  not  one  was  among  those  submitted  for  use  in  foods,  and 
out  of  the  481  discovered  in  1891  and  prior  thereto,  only  74  were  so 
submitted,  or  2  out  of  every  13  of  such  colors.  In  the  following 
table  these  data  are  given  year  by  year: 

Coal-tar  colors  discovered  from  1740  to  1891. 


Tear 
ofdto- 

Num- 
ber of 

sub- 
mitted 
colon 
disooT- 

ered. 

Total 
num- 
berof 
coal- 
tar 
colore 
dlscoy- 
ered. 

Year 
ofdfe. 
oovery. 

Num- 
ber of 
sub- 
mitted 
colore 
dboov- 
ered. 

Total 
num- 
ber of 
ooal- 
tar 
colore 
dlsoov- 
ered. 

Year 
of  dis- 
covery. 

Num- 
ber of 

sub* 
mltted 
colore 
dlsoov- 

ered. 

Total 
num- 
ber of 
coal- 
tar 
colore 
discov- 
ered. 

Year 
ofdfe. 
oovery. 

Num- 
ber of 
sub- 
mitted 
colore 
dlsoov- 
ered. 

Total 
num- 
ber of 
coal- 
tar 
colore 
discov- 
ered. 

1740 
1850 
1850 
1861 
1862 
1863 
1867 

1 
1 

1 
2 

1 
1 
1 

1 
3 
1 
3 
6 
3 
3 

1871 
1874 
1875 
1876 
1877 
1878 
1870 

1 
1 
6 
5 
2 
12 
7 

6 
4 
12 
0 
10 
26 
23 

1881 
1882 
1883 
1884 
1885 
1880 

11 
20 
25 
16 
21 
32 

1887 
1888 
1800 
1801 

Total. 

1 
1 
1 
3 

20 
86 
46 
33 

74 

878 

SHADES  OF  COLOR. 

The  sufficiency  of  the  74  colors  used  for  food-coloring  purposes  in 
the  United  States,  for  any  and  all  tinctorial  ranges,  no  matter  how 
refined,  appears  from  the  following  table: 

Oreen  Table  numbers  of  the  74  submitted  colors  showing  shades  and  number  of  sources 

supplying  each. 


Shades. 

Number  of  sooroes  oat  of  a  possible  12  offering  each  color. 

Total 
number 

1 

2 

8 

4 

6 

6 

7 

8 

0 

10 

of  dyes 
ofltfed 
for  each 
shade. 

Bed 

104 
105 
160 
240 
584 

66 
106 
146 
462 

106 

103 

107 

12 
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Qrten  Table  ntanber$  of  the  74  submiUed  colore  thowina  ehadee  and  number  of  aoureem 
tupplying  each — Contiiiuea. 


Number  of  sources  out  of  a  possible  12  oflerlng  each  odor. 

Total 
number 

ffliadM. 

1 

2 

3 

4 

6 

6 

7 

8 

0 

10 

oneraa 
foreacii 
diade. 

Blue  red 

602 
518 
620 
623 

512 

448 

604 
617 

7 

54 
616 

53 

M 

56 

80 
260 
320 

0 

TeUowishrod 

z 

Scarlet 

66 

3 

Bluish  soariet 

1 

Yellow 

610 

8 

04 

4 

7 

Reddish  yellow, 

84 
14 

17 
85 
06 

650 

2 

Orange  yellow 

13 

2 

667 

18 
07 

430 
476 
480 
656 

440 

468 

464 

287 

438 
434 

426 

2 

Orange 

86 

8 



Btae. 

602 

6 

1 

Violet 

452 

461 

8 

Blue  violet 

1 

Oraylsh  violet 

1 

Oreeo 

308 

436 

4 

Bluegreeo 

427 

1 

Yellow  green 

428 

1 

101 
137 
130 

3 

201 

107 

2 

Blue  black 

188 
601 

1 

Blue  to  bluish  red  to  violet, 

1 

Oll-eoluble  colors 

10 
40 
60 

11 

4 



Total 

35 

20 

4 

4 

6 

3 

1 

1 

1 

74 

The  six  colors  comprising  Class  II  (those  not  listed  in  the  Green 
Tables  but  whose  composition  was  avowed  or  disclosed)  are  one 
black,  one  yellow,  and  one  orange  among  the  water-soluble  colors, 
and  three  yellows  among  the  water-insoluble  colors.  Therefore  two- 
thirds  of  the  United  States  market  as  thus  disclosed  calls  for  a  total 
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of  80  different  chemical  individuals,  of  which  73  are  water-soluble  and 
7  are  water-insoluble  and  are  used  as  oil  or  fat  colors.  The  remain- 
ing third  of  the  makers  or  dealers  either  do  not  possess  the  information 
or  are  unwilling  to  give  it.  No  attempt  has  yet  been  made  to  enter 
systematically  into  this  unknown  region,  but  careful  examination 
warrants  the  belief  that  it  can  add  nothing  of  material  value  to 
the  data  already  obtained  which  show  a  total  of  23  shades  for  the 
73  water-6oluble  coal-tar  colors,  summarized  as  follows: 

Number  of  coal-tar  colors. 


SredBhades 26 

4  yellow  shades 14 

lorangeshade 7 

2  blue  shades 7 

3  violet  shades 5 


Sgreenshades 6 

2  brown  shades 6 

1  blue-black  shade 1 

1  black  shade 1 

1  blue  to  violet  shade 1 


The  water-insoluble  colors  numbering  7  are  not  included,  but  will 
be  treated  separately  (p.  159). 

This  view  of  the  state  of  the  United  States  market  at  or  about  the 
middle  of  the  year  1907  is  without  question  a  true  reflection  of  that 
market  as  far  as  it  goes  and  the  actual  extent  of  the  coal-tar  color 
market  beyond  those  covered  by  this  canvass  of  it  is  not  hkely  to  be 
very  great.  In  support  of  this  view  is  the  interchangeable  treatment 
of  formerly  patented  products,  the  great  lapse  of  tune  since  a  new  food 
color  was  discovered,  and  the  fact  that  out  of  the  74  colors  submitted 
and  contained  in  the  Green  Tables  only  23  are  now  less  than  25  years 
old,  and  none  is  less  than  16  years  old. 

All  the  Green  Table  numbers  and  the  number  of  sources  out  of  a 
possible  12  offering  them  are  given  in  the  following  table: 

Number  of  sources y  out  of  a  possible  Ity  offering  colors  designated  in  1907, 


Green 

Green 

Green 

Green 

Table 

Souroee. 

Table 

Bouroes. 

Table 

Sources. 

Table 

Souroee. 

No. 

No. 

No. 

No. 

i 

10 

86 

240 

476 

80 

269 

480 

9 

04 

287 

502 

10 

96 

329 

504 

11 

07 

398 

610 

13 

101 

426 

612 

14 

108 

427 

616 

17 

104 

428 

6t7 

18 

106 

433 

618 

49 

106 

434 

520 

53 

m 

J^ 

623 

64 

108 

m 

584 

65 

137 

440 

601 

66 

139 

448 

4 

650 

60 

146 

451 

I         655 

64 

169 

453 

667 

06 

188 

462 

m 

84 

197 

464 

86 

aoi 

468 

1  ItaUoised  flgnres  indicate  oolori  permitted  by  F.  I.  D.  76. 
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Nine  manufacturers  sent  261  specimens,  an  average  of  29  each, 
distributed  as  follows:  70;  38;  20;  20;  15;  43;  25;  18,  and  12.  Two 
importers  sent  5  specimens  each,  and  one  13,  a  total  of  23  specimens, 
and  an  average  of  8.  These  figures  reflect  a  diversity  of  opinion  as 
to  what  is  needful  for  food  coloring,  since  each  one  of  these  12  makers 
or  importers  beUeved  that  for  all  practical  food-coloring  purposes 
his  selection  was  complete  and  sufficient. 

Classifying  the  284  specimens  as  red,  yellow,  brown,  orange,  blue, 
green,  violet,  and  black,  the  following  table  is  obtained  showing  the 
different  requirements  of  each  of  the  12  makers  or  importers  to 
produce  the  necessary  shades  of  the  eight  colors  mentioned: 

Total  apecimens  mbmiUed,  grouped  by  makers  and  coIotb,  showing  rwmber  of  shade$ 

required  by  each. 


Maker's 

Red. 

Yel- 
low. 

Brown. 

Orange. 

Blue. 

Green. 

VlQ. 

let. 

Black. 

Number 

of 
shades 
wanted 
by  each. 

Total 
speol. 
mens. 

26 

10 
7 

11 
6 
4 
6 
5 
6 

13 
3 
3 

18 
6 
6 

10 
2 
3 
2 
4 
4 

10 
1 
1 

14 
2 

io' 

2* 

1 

i 

2 

4 

I 

6 
3 
1 
2 
1 
3 
3 
1 

2 
3 
1 
2 
4 
3 
1 
1 

6* 

6 

1 
1 
2 
2 

1 

2 
2 
1 
3 
2 
1 

i* 

i* 

3 
3 

70 
25 
18 
43 
20 
15 
12 
13 
20 
38 
6 
6 

1 
4 
4 

1 
2 

1 

10 

11 

12 

1 

Total.... 

Percent 

Maximum.... 

ff|ii|iny|Tn , , 

Fenced.'.'.', 

99 
34.86 
26 
3 
8.26 
8 

66 

23.24 

18 

1 

6.60 

1 

32 

11.27 

14 

26 

9.15 

6 

22 

7.76 

6 

22 

7.76 

6 

16 

6.28 

8 

2 

a7o 
1 

284 
100 

2.76 

2.17 

1 

1.83 

1 

1.83 

1 

1.26 

0.17 

From  this  table  it  appears  that  not  one  of  the  12  soiu'ces  desired  all 
of  the  8  shades  into  which  the  284  specimens  are  classifiable  to  make 
up  a  complete  set  of  food  colors;  7  out  of  the  12  sources  wanted  7  of 
the  8  shades;  2  sources  wanted  6  out  of  the  8  shades;  1  source  wanted 
5  of  the  8  shades,  and  2  sources  were  content  with  3  out  of  the  8 
shades. 

It  will  be  noticed  that  the  permitted  list  given  in  Food  Inspection 
Decision  No.  76  provides  for  7  dyes  covering  5  out  of  the  8  shades  of 
the  above  classification.  The  3  missing  shades  are  brown,  violet, 
and  black;  the  shades  provided  are  red,  yellow,  orange,  and  blue. 

It  will  also  be  noticed  that  on  the  whole  6  out  of  the  8  shades  were 
not  wanted  by  one  or  more  of  the  12  sources.  The  italicized  shades 
are  the  ones  not  provided  for  by  the  permitted  list  of  Food  Inspection 
Decision  No.  76. 

Brown  was  not  wanted  by  5,  nor  orange  by  1,  blue  by  3,  green  by  2, 
violet  by  3,  nor  hlcLcJc  by  10. 
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The  combinations  not  wanted  were  as  follows:  Five  sources  omitted 
hlack  only;  2,  brown  only;  1  blue  and  Uack;  1  hrovm  and  black;  1 
green,  violetj  and  black;  and  1  brovm,  blue,  green,  violet,  and  black. 

Not  one  of  these  12  sources  wanted  only  the  three  colors  not  found 
on  the  permitted  list,  and  2  sources  did  not  want  any  of  the  three 
missing  shades  nor  two  of  the  permitted  colors. 

In  view  of  this  large  difference  of  opinion  among  the  12  sources  as 
to  the  shades  needed  to  make  a  complete  set  of  food  colors,  the  5 
shades  selected  for  the  permitted  list  of  Food  Inspection  Decision 
No.  76  seem  reasonably  close  to  any  consensus  of  opinion  derivable 
from  the  tabulation  of  the  collected  facts. 

n.  PUEPOSES  OF  FOOD  OOLOBDTO. 

The  use  of  any  color  which  conceals  inferiority,  or  which  gives  an 
article  an  appearance  better  than  it  properly  possesses  is,  of  course, 
illegitimate,  and  such  cases  are  not  here  considered.  Among  such 
uses  may  be  mentioned  that  of  color  in  pastiy  to  impart  a  yellow 
color  thereto,  implying  the  presence  of  eggs,  when  they  are  either 
wholly  absent  or  are  not  present  in  sufficient  quantities  to  produce  a 
shade  of  color  which  would  indicate  a  superior  quaUty.  Such  color- 
ing is  frequently  resorted  to  in  macaroni,  spaghetti,  noodles,  and  the 
Uke,  and  it  has  also  been  stated  in  the  literature  that  such  coloring 
has  the  additional  fimction  of  concealing  dirt  actually  present  in  the 
flour. 

The  addition  of  red  coloring  matter  to  meat  products  to  give  them 
an  appearance  of  freshness  which  they  do  not  of  themselves  possess; 
the  addition  of  red  coloring  matter  to  strawberry,  raspberry,  and 
similar  jams,  jellies,  and  preserves,  to  give  them  a  color  indicative  of 
exceptional  quaUty,  even  though  they  may  contain  none  of  the  fruit 
whose  presence  is  intimated  by  the  label  on  the  product;  the  injection 
of  red  coloring  matter  into  ordinary  oranges  to  give  them  the  appear- 
ance of  blood  oranges;  the  sprinkling  of  lemons  and  oranges  with 
green  coloring  matter  to  give  them  the  appearance  of  a  particular 
origiu  or  of  a  particular  state  of  ripeness  when  such  origin  or  state  of 
ripeness  is  without  foundation  in  fact;  the  injection  of  red  coloring 
matter  into  watermelons  to  give  them  the  appearance  of  ripeness, 
which  ripeness  they  do  not  possess,  are  practices  met  more  or  less 
frequently. 

Among  the  purposes  for  which  food  colors  are  said  to  be  used  and 
the  foods  so  colored,  the  following  are  mentioned  in  the  Uterature: 

In  European  countries. 

1.  Macaroni  is  colored  with  Dinitiocreflol  (2)  (Arch,  Pharm.y  Sd  ««-.,  v.  tty  p.  Stl) 
and MartiuB  Yellow  (3)  {Weyl,  Handbuch). 

2.  CotdialB  and  liqueurs  with  Dinitrocresol  (2)  (Arch,  Pharm.,  Sd  aer.,  v.  t2,  p,  621), 
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24  COALr-TAB  COIiOBS  USED  IN  FOOD  PE0DUCT8. 

3.  Oranges:  Biebrich  Scarlet  (163)  (Weyl,  Ecrndbuch), 

4.  Pastry:  Dinitrocresol  (2)  (Weyl,  Handbvch). 

5.  Butter:  Dinitrocresol  (2)  (Weyl,  Handbuch). 

6.  To  whiten  flour:  Anilin  blue  (457)  {Zt$.  NaJir.  Genussm.y  1906 ^  v.  if,  p.  298). 

7.  Noodles  are  colored  to  cover  up  cigar  butts,  burnt  matches,  mineral  oil,  etc 
(Zto.  Nahr.  QenuMtm,,  Vol  II,  p.  1018), 

In  the  United  Stales. 

8.  Jellies,  fruit  sirups,  soda  sirups,  jams,  ketchup,  cheap  cordials,  lemon  extract, 
milk,  butter,  cheese,  ice  cream,  confectionery,  pastries,  flavoring  extracts,  mustard, 
cayenne  pepper,  sausage,  noodles,  wines,  and  liqueurs  (TTtnton,  C<miucticut  Agrictd- 
tural  Experiment  Station  Report,  1901,  pp,  179-182), 

9.  Cattle  feed  is  colored  yellow  {Gudemim,  J.  Amer.  Chem.  Soe.,  1908,  v.  SO,  p.  1S2S), 

10.  "Egg  color"  (399);  "Macaroni  color"  (94);  "Tomato  catsup  color"  (105); 
"Raspberry  color"  (103);  "Mustard  color"  and  "Pie  filling  color"  (4);  "Orange 
color"  (87),  and  "Strawberry  red  color"  (55)  are  corresponding  United  States  com- 
mercial food  color  names  and  their  corresponding  Green  Table  numbers  {Meyer ^  J, 
Amer,  Chem,  Soc.,  1907,  v.  t9,  p,  895), 

Dr.  E.  Ludwig,  of  Vienna,  stated,  upon  the  authority  of  Dr. 
Schacherl,  at  the  International  Congress  of  Medicine  held  in  Budapest, 
in  August,  1909,  as  follows: 

The  rather  widely  distributed  practice  of  coloring  baker's  goods  yellow,  such  as 
cakes  and  the  like,  further  the  yellow  coloring  of  pastry,  macaroni,  noodles,  and  so 
forth,  has  as  its  function  the  representation  of  a  very  large  egg  content  in  them;  this 
coloring  has  been  made  very  convenient  because  there  are  in  commerce  colors  intended 
specifically  for  this  purpose  and  designated  "^;g  substitute"  and  which  have  nothing 
whatever  in  common  with  egg  yolk. 

Marmalades  such  as  apricot,  raspberry,  and  currant  marmalades  are  frequently  found 
in  a  colored  condition  in  conunerce;  in  this  case  the  purpose  of  the  coloring  is  frequently 
to  cover  up  adulteration;  the  adulteration  may  consist  in  an  admixture  of  a  cheap 
fruit  pulp,  particularly  apple  pulp,  or  in  an  addition  of  glucose  sirup.  Since  these 
admixtures  do  not  possess  the  color  oi  the  marmalades  they  are  simply  helped  along 
by  the  aid  of  color. 

Old  fruit  sirups  are  toned  up  with  color  and  then  sold  as  fresh  sirup. 

Red  colored  fermentation  vinegar  and  red  colored  vin^^ar  essence  as  well  as  vinegar 
made  from  such  essence  are  in  commerce;  such  coloring  has  for  its  purpose  to  represent 
the  product  as  "genuine  red  wine  vinegar,"  which  in  some  coim tries  is  highly  desired. 

So-called  "beer  color,*'  said  to  be  an  extract  of  roasted  malt  (malt  caramel),  is  in  fact 
nothing  but  ordinary  sugar  caramel  and  is  frequently  from  time  to  time  publicly  adver- 
tised; breweries  themselves  do  not  use  this  preparation,  but  it  has  been  frequently 
shown  that  in  small  taverns  by  means  of  this  color  local  beer  was  converted  into 
Bavarian  beer. 

The  wholesale  coloring  of  coffee  beans  serves  the  purpose  of  representing  a  better 
quality  than  it  actually  is. 

The  coloring  of  cocoa  and  chocolate  by  the  use  of  mineral  additions  and  also  of  coal- 
tar  colors  was  often  proven;  in  this  case  the  coloring  serves  exclusively  to  cover  up 
poor  quality.    In  the  case  of  good  products  such  coloring  is  not  practiced. 

Colored  sausages,  and  in  fact  such  with  a  colored  meat  body  as  well  as  such  with  a 
colored  casing,  are  frequently  colored;  coal-tar  colors  and  cochineal  serve  this  purpose, 
the  latter,  however,  only  for  the  meat.  This  coloring  is  to  preserve  in  old  goods  the 
appearance  of  fresh  goods. 

The  green  canned  goods  of  conmierce  are  almost  all  colored  with  copper  compounds. 


Digitized  by 


Google 


FOOD-COIiOB  BEQUIEEMENTS.  26 

Tomato  pulp  frequently  comee  into  commerce  colored  with  a  coal-tar  color;  the  pur- 
poee  of  such  coloring  is  to  impart  to  the  goods  the  appearance  of  having  been  prepared 
with  extraordinary  care.  In  aU  these  cases  it  is  not  at  all  a  question  of  a  hannless 
change  of  the  natural  condition  of  the  food  product,  but  of  improper  manipulations 
which  are  adapted  to  deceive  the  purchaser  as  to  the  real  value  of  the  goods;  even, 
indeed,  to  mask  the  danger  to  health. 

m.  FOOD-OOLOB  BEQUntEMEHTS. 
ADAFTABIUTY  FOB  SPECIAL  PUBPOSBS. 

Not  all  coal-tar  colors  are  adapted  for  use  in  food  products. 
Colors  are  the  more  desirable  for  this  purpose  the  higher  their  tinc- 
torial power,  and  the  greater  the  resistance  they  offer  to  the  action 
of  the  materials  with  which  they  are  to  be  used,  and  imder  the  con- 
ditions existing.  Obviously  only  such  colors  as  of  themselves  have 
their  tinctorial  properties  fully  developed  can  be  used,  and  all  such 
colors  as  require  a  mordant  to  develop  or  bring  out  the  color  are  not 
fit  for  nor  capable  of  use  in  food  products. 

Further,  if  the  colored  material  is  subjected  to  varying  tempera- 
tures in  the  process  of  manufacturing  foods,  it  should  be  able  to 
withstand  the  effects  of  such  temperatures,  as,  for  example,  in  the 
manufacture  of  candies.  The  colors  should  also  withstand  the  action 
of  reducing  agents,  such  as  are  generated  in  the  course  of  fermenta- 
tion and  decomposition  of  the  food  product,  or  where  a  preservative 
such  as  sulphur  dioxid  is  added  to  the  food  product  to  minimize  the 
effect  of  decomposition  of  the  food  upon  the  color.  Such  colors  are 
put  on  the  European  market,  and  perhaps,  but  not  necessarily, 
on  the  United  States  market  with  preservatives  added  to  them. 
Most  of  the  coal-tar  colors  are  susceptible  to  the  action  of  sulphur 
dioxid,  particularly  when  the  latter  has  been  used  in  the  decolor- 
izing of  glucose,  and  Uranin  (510)  is  one  of  the  colors  found  to  have 
the  greatest  resistance  to  the  sulphur  dioxid  which  may  remain 
combined  in  candy. 

For  example,  the  book  entitled  ''Henley's  Twentieth  Century 
Book  of  Receipts,  Formulas  and  Processes,"  published  in  1907,  on 
page  359,  says  of  sausage  color: 

It  is  absolutely  necessary  in  using  aniline  colors  to  add  a  disinfectant  to  the  dye- 
stuff  solution,  the  object  of  which  is,  in  case  the  sausage  should  conunence  to  decom- 
pose, to  prevent  decomposition  of  azo-dyeetuff  by  the  disengaged  hydrogen.  Instead 
of  boracic  acid,  formaline  may  be  used  as  a  disinfectant. 

J.  Fraenkel  (ArheU.  Eaiserl.  Oesundh.  1902,  v.  18,  pp.  518-521; 
abst.  Zt8.  Nahr.  Genuasm.,  1902,  v.  5,  p.  986)  reports  as  follows  on 
tiie  composition  of  colors  used  in  coloring  sausages,  meats,  and 
preserves: 

1.  Blood  color:  Moisture,  15  per  cent;  common  salt,  6.6  per  cent;  borax,  21  per 
cent;  and  Ponceau  2  R  (G.  T.  55). 
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2.  Blood  red  for  meat  juices:  Liquid  of  a  specific  gravity  of  1.0163  not  affected  by 
acidfl  or  alkalis  and  containing  27  per  cent  total  solids;  of  these  total  solids  31  per  cent 
were  salt,  12  per  cent  borax,  and  the  remainder  Ponceau  2  R  (G.  T.  55). 

3.  Casing  red:  This  powder  contained  Orange  II  (G.  T.  86). 

4.  Sausage  red:  A  liquid  containing  Eosin. 

5.  Lobster  color:  A  liquid  of  specific  gravity  1.0064  containing  1.64  per  cent  of 
solids,  of  which  10.9  per  cent  were  salt  and  the  remainder  Ponceau  R  T  (G.  T.  44). 

G.  Possetto  (ZU.  Ndhr.  Untera.  Hygiene  WaarenJc.  1891,  v.  6, 
p.  105)  cited  the  following  15  colors  as  being  used  for  the  coloring 
of  pastry: 


O.T.No. 

TropsBolinOO 88 

TpopsBolin  000  No.  1 85 

TropsBolin  000  No.  2 86 

I  ^^ 
Chrysoidin I  18 

I  41 

Azoflavin 92 


O.T.No. 

Martins  Yellow 3 

Vic  toria  Yellow 2 

Naphthol  YeUow  S 4 

Aurantia  Yellow 6 

Acid  Yellow  G 8 

AcidYeUowR 9 

Citronin 91 

TropaeolinO 84 

Algerian  Saffron  (a  mixture  of  Nos.  4  and  86  and  crocein). 
Prussian  Saffron  (composition  not  given). 

"Blood-red''  on  the  American  market  is  starch  colored  with  red  coal-tar  colors 
{Ibid,,  1896,  V.  10,  p.  114). 

**  Butter  yellow"  is  a  clear  saponifiable  oil  of  reddish-yellow  color,  containing 
3  per  cent  of  anilin-azo-dimethylanilin  (No.  16  of  the  Green  Tables). 

PBOPOBTIOK  OF  OOAL-TAB  OOLOB  T7SBD. 

The  amount  or  proportion  of  coal-tar  color  used  has  been  variously 
stated.  On  page  IV  of  the  Leffmann  translation  of  WeyPs  book 
entitled  "The  Sanitary  Relations  of  the  Coal-Tar  Colors,"  it  is 
stated  that  1  ounce  of  Auramin  (G.  T.  425)  will  color  2,000  pounds 
of  confectionery,  which  means  1  part  of  color  in  32,000  parts  of 
colored  product. 

Frentzel  (Zts.  Ndhr.  Germssm.,  1901,  v,  4,  PP-  968-974),  on  author- 
ity not  given,  says  that  for  sirups  1  part  of  color  is  used  to  from 
4,000  to  5,000  parts  of  sirup;  in  colored  sugars  1  part  of  coloring 
matter  to  from  1,333  to  4,000  parts  of  sugar;  and  in  flour  1  part  of 
coloring  matter  to  from  666  to  1,000  parts  of  flour. 

In  pastry  1  to  100,000  parts  (Zts.  Nahr.  Untere.  Hygiene,  Waarenk. 
1S9S,  V.  7,  p,  S4). 

In  chapter  VII  (p.  47),  sections  15,  16,  17,  and  18,  are  brought 
together  statements  made  before  the  commission  on  regulations  for 
the  Federal  food  and  drugs  act,  as  to  the  amount  of  color  contained 
in  colored  food  products.  Briefly  these  are  as  follows:  Confec- 
tionery, 1  part  of  color  in  3,500  parts  of  product;  beverages  1  part 
of  color  in  128,000  parts,  256,000  parts,  1,024,000  parts;  butter,  420 
grains  of  color  to  1,000  pounds  of  butter;  or  1  part  of  color  to 
16,666  parts  of  butter. 
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One  ounce  of  color  to  30  pounds  of  ''colored  food;''  the  colored 
food  was  not  further  defined;  which  means  1  part  of  color  in  480 
parts  of  colored  product. 

It  has  further  been  represented  that  1  part  of  color  is  sufficient 
to  whiten  250,000  parts  of  yellow  sugar. 

Prom  time  to  time  others  have  presented  information  as  to  the 
amount  of  color  used  in  food  products.  All  of  these  data  available 
have  been  tabulated,  showing  the  number  of  parts  of  colored  product 
containing  1  part  of  coal-tar  color,  arranged  in  the  order  of  the 
amounts  present: 


Food » 

Do» 

Flour 

Do 

Sugar 

Gonfectdonery. 

Sirups 

Sugar 

Sirups 

Confectionery. 
Butter 


Confectionery. 


100 

480 

666 

1,000 

1,333 

3,500 

4,000 

4,000 

5,000 

12,800 

16,666 

20.000 


Confectionery 24, 576 

Do 30,000 

Do 32,000 

Beverages 80,000 

Pastry 100,000 

Beverages 120,000 

Do 128,000 

Confectionery 192, 000 

Whitening  sugar 250, 000 

Beverages 256,000 

Do 1,024,000 


Grouped  according  to  the  kind  of  material  colored^  the  ranges 
given  are  as  follows: 


Beverages 80,000; 

120,000;  128,000; 
256,000;  1,024,000 

Butter 16,666 

Confectionery 3,500; 

12, 800;  20, 000; 
24, 576;  30, 000; 
32,000;  192,000 

Flour 666; 

1,000 


Food »100; 

M80 

Pastry 100,000 

Sugar 1,333; 

4,000 
Sirups 4,000; 

5,000 
Whitening  sugar 250,000 


These  statements  have  emanated  from  persons  presumably  ac- 
quainted with  the  facts  of  their  own  practice,  and  if  that  presumption 
is  correct  it  appears  that  there  are  wide  variations  in  practice  not 
only  among  individual  users,  but  for  individual  colors.  No  attempt 
has  been  made  to  prove  or  disprove  these  statements  by  actual  deter- 
mination of  the  amount  of  color  contained  in  commercial  colored 
food  products. 

The  80  chemical  individuals  on  this  market  for  food-coloring  pur- 
poses, it  can  be  fairly  assumed,  have  been  tested  and  tried  out  as  to 
their  utility,  and  in  this  respect  further  tests  were  r^arded  as  super- 
fluous and  therefore  have  not  been  undertaken. 


1  Kind  not  definitely  stated. 


>  Said  to  be  for  presenred  tomatoes. 
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SXTTTABILrrY  OF  SHADB8  OF  PBBMITTED  00L0B8  AND  MDCTUBSS 

OF  SAKE. 

The  shades  produced  by  the  seven  permitted  colors  are,  resjjeo- 
tively,  yellow,  orange,  blue,  green,  red,  bluish  scarlet,  and  brilliant 
cherry  red.  As  statements  are  found  in  the  literature  against  the 
use  of  all  of  the  chemical  individuals  producing  a  brown  or  a  violet 
shade,  it  will  be  necessary  to  produce  these  shades  by  a  proper  com- 
bination of  two  or  more  of  the  permitted  colors.  So  far  no  criti- 
cism with  regard  to  the  shades  produced  by  the  seven  colors  them- 
selves and  by  their  appropriate  mixture  has  been  made  that  has  been 
substantiated. 

Objection  has  been  made  to  the  violet  producible  from  blue  and 
red,  on  the  ground  that  when  applied  to  a  food  product,  such  as 
candy,  the  component  parts  do  not  evenly  fix  themselves  upon  the 
material.  This  objection,  however,  has  not  been  pressed  and  proba- 
bly is  not  well  taken,  because  of  the  fact,  frequently  reported,  that 
few,  if  any,  coal-tar  colors  are  used  without  admixture  of  one  or  more 
other  colors  to  shade  or  to  tone  the  original  color.  This  criticism^ 
therefore,  of  the  use  of  mixed  colors  can  be  r^arded  as  not  a  serious 
objection. 

One  criticism  urged  with  considerable  persistency  against  the  seven 
permitted  colors  was  that  none  of  them  would  withstand  the  action 
of  the  organic  acids  ordinarily  found  in  beverages  such  as  lemonade, 
and  it  was  suggested  that  no  color  was  proper  for  use  for  such  pur- 
poses which  would  not  withstand,  unaltered,  for  a  period  of  12  hours 
the  action  of  a  10  per  cent  solution  of  citric  acid.  In  urging  this 
objection  substitutes  were  suggested  for  the  permitted  colors.  The 
substitutes  so  urged  were  Tartrazin  (94),  Azorubin  (103),  Orange 
II  (86),  Ponceau  4  GB  (13),  and  one  other  color  designated  as  Scarlet 
SR,  of  whose  chemical  composition  no  information  whatever  was 
forthcoming.  (The  numbers  in  parentheses  refer  to  the  Green  Tables.) 
Of  the  five  colors  suggested  it  can  be  said  that  concerning  all  but  No. 
103  adverse  statements  are  found  in  the  Uterature,  and  No.  86  is  spe- 
cifically regarded  by  every  observer  but  one  as  being  thoroughly 
poisonous.  The  suggested  substitute  list  is,  therefore,  objectionable 
on  the  ground  of  injuriousness  to  health. 

To  test  the  validity  of  the  assertion  that  none  of  the  permitted 
colors  could  withstand  the  action  of  citric  acid,  solutions  of  the  sug- 
gested colors,  as  well  as  of  the  permitted  colors,  each  one  in  a  thou- 
sand, were  submitted  to  the  action  of  citric  acid,  added  in  such  quan- 
tity that  it  amounted  to  10  per  cent  of  the  total  bulk  of  solution. 
This  experiment  showed  that  Tartrazin  is  reddened  by  citric  acid, 
whereas  Naphthol  Yellow  S  loses  in  tinctorial  power  to  a  slight  extent. 
The  shade  produced  by  Ponceau  4GB  can  be  closely  imitated  by  a 
mixture  of  Naphthol  Yellow  S,  Orange  I,  and  Amaranth,  all  per- 
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mitted  colors.  There  is  no  choice  whatever  in  the  shade  produced 
by  the  desired  Azorubin  and  the  permitted  Amaranth ,  nor  is  there 
any  difference  in  behavior  toward  citric  acid.  The  difference  in  the 
shade  between  the  desired  Orange  II  and  the  permitted  Orange  I  is 
so  small  that  it  requires  a  side-by-side  comparison  to  distinguish 
between  them.  Moreover,  the  desired  Orange  II  produces  a  precipi- 
tate when  brought  in  contact  with  the  citric  acid,  whereas  the  per- 
mitted Orange  I  does  not  so  precipitate.  The  permitted  Erythrosin 
is,  of  course,  completely  precipitated  by  the  citric  acid.  The  per- 
mitted Light  Green  and  Indigo  disulphoacid  are  weakened  in  tinctorial 
power  by  the  addition  of  the  citric  acid.  Of  these  colors  the  only 
ones  used  .to  any  extent  in  beverages,  so  far  as  either  the  suggested 
or  permitted  list  is  concerned,  are  red,  yellow,  green,  and  orange. 

As  has  been  shown  the  permitted  reds  equal  the  desired  reds  and 
the  permitted  orange  is  better  than  the  desired  orange.  The  tinc- 
torial power  of  the  permitted  yellow  is  not  so  great  as  the  tinctorial 
power  of  the  desired  yellow,  but  this  difference  is  so  slight  that  the 
objection  urged  against  the  list  of  permitted  colors,  namely  that  they 
were  so  poor  in  quality  that  they  had  destroyed  a  profitable  and 
lucrative  business  in  the  coloring  of  beverages,  is  untenable  in  view 
of  the  fact  that,  assuming  a  price  of  $1  per  pound  for  Tartrazin,  and 
40  cents  for  Naphthol  Yellow  S,  and  using  them  in  the  proportions 
necessary  to  produce  a  lemonade  color  in  a  10  per  cent  citric  acid 
solution,  it  would  take  5,000  quarts  of  finished  lemonade  to  cause 
an  increase  of  1  cent  in  the  cost  of  the  production  of  the  colored 
food  product;  that  is,  it  increases  the  price  per  quart  by  one 
five-thousandth  of  a  cent. 

It  has  also  been  urged  that  the  permitted  green  is  not  good  enough 
for  cordials  and  liqueurs,  and  that  it  is  impossible  to  bring  about  the 
proper  green  by  the  use  of  the  permitted  yellow  and  blue.  This  criti- 
cism, however,  has  not  been  persisted  in;  the  fact  is  that  mixtures  of 
die  permitted  yellow  and  blue  can  be  made  so  as  to  obtain  any  desired 
shade  of  green,  having  a  yellow  or  blue  cast,  and  great  clarity  and 
brilliancy.  How  these  mixed  colors  would  look  after  a  long  period 
of  time  has  not  been  ascertained. 

It  has  also  been  said  that  the  permitted  red.  Amaranth,  is  not  a 
color  suitable  for  the  coloring  of  strawberry  jams  and  it  has  been  ui^ed 
that  the  same  chemical  individual  imder  another  commercial  name 
is  better  than  the  permitted  red.  This  criticism  has  not  been  pressed, 
probably  for  the  reason  that  it  can  not  be  substantiated. 

Again  it  was  claimed  that  the  deposits  to  be  noticed  in  bottled 
lemonades  were  due  to  Naphthol  Yellow  S,  but  solutions  of  Naphthol 
Yellow  S  in  citric  acid  have  remained  without  deposit  for  upward  of 
15  months;  it  is  possible  that  such  precipitation,  if  observed,  may  be 
due  to  an  admixture  of  the  nonpermitted  Orange  II  with  Naphthol 
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Yellow  S,  and  this  diflSculty  can  be  obviated  by  the  use  of  the  i>er- 
mitted  Orange  I,  which  does  not  precipitate  in  the  citric  acid,  as 
shown. 

Naphthol  Yellow  S  has  been  objected  to  on  account  of  the  bitter 
taste  it  is  said  to  impart  to  the  beverages  to  which  it  is  added,  and 
steps  have  finally  been  taken  by  those  interested  to  have  another 
yellow  placed  on  the  permitted  list. 

It  has  also  been  objected  that  the  permitted  blue  is  not  suitable  for 
the  coloring  of  sugar,  first,  because  it  is  soluble,  and  second,  because 
pf  the  imsatisfactory  shade.  It  may  be  sufficient,  in  answer  to  this 
criticism,  to  state  that  there  was  no  insoluble  blue  offered  on  this 
market,  and  there  was  no  blue  other  than  the  one  permitted  offered 
against  which  adverse  statements  did  not  exist  in  the  literature,  and 
in  view  of  this  state  of  affairs  the  criticism  may  be  said  to  be  not  well 
taken. 

As  against  all  these  specific  criticisms  it  has  been  repeatedly  stated 
by  those  in  a  position  to  know  that  they  have  foimd  no  difficidty 
whatever,  by  suitable  mixtures  of  permitted  colors,  in  reproducing 
any  desired  shade  of  any  desired  quality,  not  even  excepting  browns 
and  violets. 

Considering  all  of  these  criticisms,  therefore,  the  conclusion  seems 
reasonable  that  there  is  no  serious  or  permanent  objection  to  be  made 
against  the  seven  colors  selected,  either  as  to  qualities  for  food- 
coloring  purposes  or  range  of  producible  shades. 

IV.  COHFOSMITT  OF  FOOD-COLOS  KABEET,  1907,  TO  BECOK- 
HElTOATIOirS  OF  THE  VATIOITAL  COHFECTIOVEBS'  ASSOCIA- 
TION, 1899.1 

Having  thus  shown  that  the  food-color  market  of  the  United  States 
contains  not  less  than  80  coal-tar  colors  which  are  distinct  chemical 
individuals,  of  which  74  are  entered  in  the  Green  Tables  and  6  are 
not,  the  next  question  to  be  considered  is  whether  all  of  these  sub- 
stances are  harmless  and  fit  for  use  in  food  products. 

As  a  guide  in  determining  this  point  the  '^  Official  circular  from  the 
executive  committee  of  the  National  Confectioners'  Association  of  the 
United  States,''  pertaining  to  colors  in  confectionery,  dated  February  1, 
1899,  may  well  be  considered. 

The  function  of  this  circular  is  said  to  be  *  Ho  throw  light  upon  the 
vexed  question  of  what  colors  may  be  safely  used  in  confectionery," 
evidently  because  'Hhere  may  at  times  be  a  doubt  in  the  mind  of  the 
honest  confectioner  as  to  which  colors,  flavors,  or  ingredients  he  may 
safely  use  and  which  he  may  reject." 

The  circular  also  states  that  ''but  infinitesimal  amounts  of  color 
(coal-tar  colors)  need  be  or  can  be  used  to  give  the  desired  effects," 


>  See  also  p.  45. 


Digitized  by 


Google 


FOOD-COLOB  BEQUIEBMENTS. 


31 


and  in  view  of  this  statement  as  to  quantity  it  must  be  self-evident 
that  a  color  harmful  when  used  in  the  small  quantities  said  to  be  used 
in  conf ectioneiy  is  certainly  harmful  when  used  in  the  large  quantities 
used  in  coloring  other  food  products.  This  circular  under  the  head- 
ing, ''Colors  that  are  injurious  and  therefore  to  be  rejected — ^Harm- 
ful organic  colors,"  enumerates  21  coal-tar  colors.  Of  these  21  colors, 
13,  or  61.9  per  cent,  were  among  those  submitted,  and  whose  com- 
position was  stated  by  reference  to  Green  Table  numbers;  the  Green 
Table  numbers  of  these  colors,  together  with  the  number  of  sources 
from  which  they  were  obtained,  follow: 


Qieen 

Table 

immben. 

11 

17 

18 

84 

86 

95.... 

106.... 


Number 

of 
sooroes. 

...  2 

...  2 

...  1 

...  2 

...  8 

...  2 

...  5 


Oreen 

Table 

nombera. 


197. 
201. 
398. 
584. 
650. 


Number 

of 
sooroes. 

...  1 

...  4 

...  2 

...  2 

...  1 

...  2 


Out  of  these  13  colors  3  each  came  from  one  source;  7  each  came 
from  two  sources;  1  came  from  four  sources;  1  came  from  five 
sources,  and  1  came  from  eight  sources,  out  of  a  possible  12;  that  is, 
one  was  wanted  by  more  than  half  the  sources. 

It  is  further  to  be  noted  that  of  the  trade  names  given  to  the  sub- 
mitted products  of  Class  I  the  following  appeared  among  the  harmful 
list  of  this  circular  and  also  were  found  in  identical  form  and  spelling 
on  the  labels  of  the  submitted  products: 


1.  Bianarck  Brown. 

2.  CbryBoidin  R. 

3.  ChryBoidin  Y. 

4.  Mandarin  G  extra. 

5.  Naphthol  Green  B. 

6.  Napthol  Yellow. 

7.  NewCoccine. 


8.  Orange  A. 

9.  Orange  A  extra. 

10.  Orange  G. 

11.  Orange  11. 

12.  Scarlet. 

13.  VesuvinB. 

14.  Crocein  Scarlet  5  B. 


The  following  parallel  will  serve  to  show  the  great  resemblance 
between  the  names  given  to  the  harmful  colors  of  the  circular  and 
those  found  on  the  samples  submitted: 

Circular's  harmful  liiL  Labels  of  submitted  samples. 

Methylene  Blue  B  B Methylene  Blue  B. 

Methylene  Blue  B  B  crystals Methylene  Blue  D. 

Methylene  Blue  B  B  G Methylene  Blue  O. 

Methylene  Blue  D  B  B 

New  Coccine New  Coccine  O  Z. 

New  Coccine  Z. 
Naphthol  Green  B Naphthol  Gieen. 
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CircuUxr's  handful  list.  Labels  of  svJbmiUed  samples. 

Orange  II Orange  II Z. 

Victoria  Yellow Victoria  Yellow  Cone.  Z . 

Victoria  Yellow  Cone.  T  Z. 

Acid  Yellow Acid  Yellow  G. 

Bismarck  Brown  G Bismarck  Brown  B. 

Bismarck  Brown  T Bismarck  Brown  B  216. 

Bismarck  Brown  Dark. 

Bismarck  Brown  R  X. 

Bismarck  Brown  T  D. 

Bismarck  Brown  Y  Bril. 

Bismarck  Brown  Y  Dark. 

Bismarck  Brown  2  R  X. 
Chrysoin Chrysoin  Brown  G  Z. 

Chrysoin  G  E  Z. 

Chrysoin  R  E  Z. 

Chrysoin  R  Z. 

Cochineal  Red  A Cocliineal  Red. 

Crocein  Scarlet  3  B Crocein  Scarlet  10  B. 

Crocein  Scarlet  7  B 

Crocein  Scarlet  8  B 

Fast  Brown  G Fast  Brown  N. 

Fast  Brown  0. 
Fast  Yellow Fast  Yellow  G . 

Fast  Yellow  0  3  3. 

Fast  Yellow  0  3  4. 

Fast  YeUow  Y. 

Imperial  Scarlet,  in  powder,  extra Imperial  Scarlet  3  B. 

Safranin Safranin  S  P. 

Safranin  A  G  extra. 
Safranin  AGT  extra. 
Safranin  Cone. 
Safranin  extra  G. 
Safranin  FF  extra  No.  0. 
Safranin  G  extra  GGS. 
Safranin  G  000. 
Safranin  T. 

This  comparison  disclosed  a  considerable  lack  of  conformity  be- 
tween the  United  States  food-color  trade  in  1907  and  the  circular  of 
February,  1899,  upon  whose  preparation  for  seven  months  prior  to 
its  date  ''a  great  deal  of  thought  and  labor  have  been  given  to  a 
thorough  investigation  of  the  whole  subject  of  'colors  in  confec- 
tionery,' in  which  the  committee  has  been  largely  aided  by  the 
researches  of  the  association's  chemist  and  by  the  results  of  his 
analytical  tests"  and  whose  '^ classifications  have  been  carefully 
made,  and  are  based  upon  the  authority  of  the  eminent  chemists, 
Prof.  Koenig  and  Prof.  Weyl,  upon  the  resolutions  of  the  Swiss 
chemists  and  upon  the  French  ordinances  regarding  the  coloring  of 
food  products,"  and  which  list  was  expected  to  be  '*of  value  to  color 
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dealers  and  chemists/'  and  also  was  published  to  assist  the  confec- 
tioner in  obeying  *'the  letter  and  the  spirit"  of  the  pure-candy  laws. 
Under  the  heading  ^'Colors  that  have  been  shown  to  be  harmless 
as  used  in  the  confectioner's  art,  harmless  organic  colors,"  this  cir- 
cular enxunerates  36  colors,  for  4  of  which  there  are  no  Green  Table 
numbers.  Of  the  32  colors  having  Green  Table  numbers,  20,  or  62.5 
per  cent,  were  among  those  colors  submitted.  The  Green  Table  nxun- 
bers  of  these  colors,  together  with  the  number  of  sources  from  which 
they  were  obtained,  follow: 


Green 

Table 

numbers. 


Number 
of 


8. 

9. 

13. 

55. 

65. 

85. 

103. 

105. 

107. 


10 
5 
1 
6 
5 
2 
2 
6 
1 
7 


Green 

Table 

numbers. 

240 

269 

287 

427 

448 

451 

462 

612 

517 

520 


Number 

of 
sources. 


Of  these  20  colors  5  each  came  from  1  source;  5  each  came  from  2 
sources;  1  came  from  3  sources;  1  came  from  4  sources;  4  each  came 
from  5  sources;  2  each  came  from  6  sources;  1  came  from  7  sources, 
and  1  came  from  10  sources;  that  is,  only  2  were  wanted  by  more 
than  half  the  makers  or  importers,  and  only  4  by  half  the  sources. 

It  will  be  noted  that  this  circular  provides  for  a  total  of  only  57 
different  coal-tar  colors;  the  number  of  avowed  colors  submitted 
reached  80,  or  23  in  excess  of  this  number,  and  further,  that  out  of 
the  57  colors  referred  to  in  this  circular  only  33  appeared  among  those 
colors  submitted  whose  composition  was  acknowledged,  so  that  for 
47,  or  58.8  per  cent  of  the  avowed  submitted  colors,  this  circular  is  no 
specific  guide.  From  the  data  obtainable  from  this  circular,  the 
following  tabulation  can  be  made: 

Harmfu1ne$s  oftubmUUd  colon  ba»ed  on  li$t  in  circular. 


Data. 

Total  on 
market. 

Dlsdooed 
colors  on 
United 
States 
market. 

Clrcalar's 

corre* 
spending 

Harmful 

13 
20 

Percent. 
16.3 
25.4 

PereenL 
61.9 
62.6 

Harmless 

These  figures  disclose  a  considerable  and  self-evident  disregard  of  the 
request,  then  eight  years  old,  as  made  by  the  National  Confectioners' 

97291**— Bull.  147—12 3 
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Association  of  the  United  States,  that  coal-tar  colors  designated 
by  it  as  "colors  that  are  injurious  and  therefore  to  be  rejected, 
harmful  organic  colors"  be  not  used  in  confectionery,  and  by  implica- 
tion that  they  should  not  be  used  in  other  food  products. 

In  view  of  this  disregard  with  respect  to  13  coal-tar  colors  out  of 
33  on  the  United  States  market  in  the  summer  of  1907,  dealt  with  in 
this  confectioners'  list,  the  conclusion  seemed  justified  that  the  action 
regarding  other  coal-tar  colors  on  the  United  States  market  in  the 
summer  of  1907  was  equally  heedless  or  indifferent,  a  conclusion 
which  is  borne  out  by  the  material  brought  together  under  section  IX. 

The  necessity  of  adhering  to  some  unequivocal  terminology,  as  has 
been  done  in  these  pages  by  referring  to  the  serial  numbers  in  the 
Green  Tables,  appears  from  the  following: 

Trade  names  are  not  definite  with  respect  to  the  composition  of 
the  article  sold  under  a  given  name,  although  tinctorially  the  colors 
may  be  substantially  equivalent.  In  the  Green  Tables  there  are  not 
less  than  29  instances  where  the  same  trade  name  is  applied  to  two 
or  more  different  chemical  individuals.  In  some  cases  these  chemical 
individuals  are  fairly  closely  related,  in  others  they  are  only  remotely 
related.  When  the  differences  are  greater  than  the  presence  or 
absence  of  a  sulpho  group  or  the  use  of  methyl  for  ethyl  or  the  reverse, 
the  instances  are  given  below: 

1.  Cotton  Yellow 128  Primulin-ezo-m-phenylene-diamin-disulphonicacid. 

191  Diphenylurea-disazo-bi-salicylic  acid. 

2.  Methyl  Eosin 513  Methylated  tetrabromo-fluorescein. 

375  Dinitro  dibromo  fluorescein. 

3.  New  Yellow 88  p-sulphanilic  acid  azo-diphenylamin. 

91  Nitration  product  of  diphenylamin  yellow. 

4.  Orange  III 23  Meta-nitranilin  azo-R  salt. 

87  p-sulphanilic  acid  azo-dimethylanilin. 

5.  Orange  N 43  Toluidin  azo-Schaffer  acid. 

88  p-sulphanilic  acid  azo-diphenylamin. 

6.  Orange  R 97  o-toluidin-monosulphonic  acid  azo-betanaphthol. 

15  Anilin-azo-R  salt. 

99  Xylidin  sulphoacid-azo-betanaphthol. 

7.  Toluylene  Red 261  Dichloro-benzidin  disazo  R  salt. 

580  Dimethyl  diamido  toluphenazin. 

The  following  quotation  also  bears  on  this  point : 

In  attempts  to  group  the  aniline  colors  a  kind  of  uncertainty  appears  even  amoDg 
color  chemists.  The  same  trade  name  does  not  always  correspond  to  the  same  prepara- 
tion. Many  preparations  are  not  chemical  individuals,  but  mixtiu-es  of  related  colors. 
Many  preparations  are  *' standardized "  for  the  trade;  for  example,  with  dextrin.  On 
account  of  the  patent  laws,  fekctory  secrets  surround  the  production  of  many  coloring 
matters,  and  frequently  statements  are  met  with  which  are  directly  intended  for  the 
purpose  of  misleading  competition.  ^(Hueppe,  Die  Methoden  der  BakUrien/orBchung, 
6thed,,1891,p.l06.) 
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V.  SOME  LEGAL  ENACTMENTS  BELATIVE  TO  THE  TTSE  OF 
COAL-TAB  DTES. 

lilST  OF  THntTEEN  FOREIGN  LEGAL  ENACTMENTS. 

The  13  foreign  legal  enactments  compared  are  as  follows: 

1.  The  Austrian  regulation  of  March  1,  1886,  which  forbids  No. 
483  of  the  Green  Tables  and  all  anilin  colors. 

2.  The  law  of  Austria  of  May  1,  1886,  which  forbids  No.  1  of  the 
Green  Tables  and  all  anilin  colors. 

3.  The  Austrian  regulation  of  September  19,  1895,  in  which  cer- 
tain colors  only  are  permitted,  and  all  others  are  forbidden.  There 
are  16  titles  of  permitted  colors  in  this  law,  but  these  are  in  some 
cases  so  elastic  and  so  indefinite  as  to  include  47  entries  in  the  Green 
Tables. 

4.  The  Austrian  law  of  January  22,  1896,  in  which  there  are  17 
titles,  but  these  are  sufficiently  elastic  to  allow  of  22  entries  in  the 
Green  Tables  being  included  in  them. 

5.  The  German  law  of  July  5,  1887,  which  specifically  prohibits 
only  Nos.  1  and  483  of  the  Green  Tables.  The  interpretation  which 
seems  to  be  generally  placed  upon  this  law  is  that  all  other  Green 
Table  members  are  permitted  in  (Jermany  for  use  in  foods. 

6.  The  Italian  law  of  February  7,  1892,  forbidding  all  colors  except 
9  different  titles,  which,  however,  were  elastic  enough  to  include  32 
entries  in  the  Green  Tables. 

7.  The  law  of  Italy  of  February  7,  1902,  which  prohibits  37  entries 
in  the  Green  Tables,  and  permits  11  specifically. 

8.  The  Italian  decree  of  June  29,  1893,  in  which  there  were  7 
titles  of  permitted  colors  sufficiently  elastic  to  include  34  different 
individuals. 

9.  The  Italian  decree  of  March  24,  1895,  forbidding  four  titles  cov- 
ering only  four  entries  in  the  Green  Tables. 

10.  The  French  police  ordinance  of  May  21,  1885,  in  which  489 
entries  in  the  Green  Tables  were  prohibited. 

ll.^The  French  police  ordinance  of  December  31,  1890,  in  which 
469  entries  of  the  Green  Tables  were  prohibited,  and  which  also 
permitted  under  9  titles  23  entries  in  the  Green  Tables. 

12.  The  Belgian  law  of  1891,  which  specifically  forbids  only  four 
entries  in  the  Green  Tables. 

13.  The  law  of  the  Canton  of  Tessin,  dated  May  18,  1897,  which 
forbids  only  4  specific  entries  in  the  Green  Tables. 

SUmCABY  OF  COLORS  PERMITTED  BY  THESE  LEGAL  ENACTMENTS. 

An  examination  of  the  13  legal  enactments  made  in  Europe  with 
respect  to  the  use  of  coal-tar  colors  in  food  products  discloses  consid- 
erable difference  of  opinion  as  to  the  harmfulness  or  the  harmlessness 
of  even  the  same  chemical  individuals.    To  prepare  an  approximate 
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and  compreheDsive  summaiy  of  the  effect  of  such  legislation,  the 
following  plan  has  been  followed: 

The  provisions  of  a  selected  number  of  laws  and  regulations,  13  in 
number  and  dating  from  1883  to  1902,  were  read  with  respect  to 
permission  or  prohibition  of  the  695  chemical  individuals  listed  in  the 
Green  Tables.  The  effect  of  each  law  upon  each  separate  entiy  in 
the  Green  Table  numbers  was  noted,  either  as  permitted,  forbidden, 
or  noncommittal  when  the  law  was  silent  upon  such  entry;  the  laws 
were  read  with  the  understanding  that  what  was  not  forbidden  was 
permitted,  and  what  was  neither  forbidden  nor  permitted  was  non- 
committal; if  tins  were  an  incorrect  or  improper  procedure  the 
number  of  permitted  colors  would  be  reduced  but  not  augmented. 
For  the  purposes  of  this  first  approximation,  no  attempt  was  made 
to  segregate  those  specifically  permitted  from  those  permitted  by 
blanket  expressions  or  phrases. 

For  the  purposes  of  a  side-by-side  comparison,  the  term  *' index 
number''  was  coined;  this  *' index  number"  gives  in  the  first  place  the 
number  of  legal  enactments  that  permit  the  color;  in  the  second  place 
the  number  of  enactments  that  forbid  it;  and  in  the  third  place  the 
number  of  enactments  that  are  silent  or  nonconmuttal.  Thus:  283 
as  an  index  number  would  mean  2  enactments  permit,  8  forbid, 
and  3  are  noncommittal;  so  that  an  index  number  with  the 
highest  hundreds  would  have  the  greatest  number  of  permissions, 
and  with  the  highest  tens  would  have  the  highest  number  of  pro- 
hibitions. With  this  understanding  of  these  terms,  the  following 
table  of  so-called  index  or  "P.  F.  N."  numbers  is  offered: 

Thirteen  legal  enactments  classified  by  Green  Table  numbers  and  the  **P.  F,  N.  Jigiare,** 

or  'Hndex  nwmber.'' 


Total 
namber 
olQreen 

Table 
entiles. 

Index 
number. 

Qreen  Table  namben. 

1 

1 

3 

217 

1 

366 

29 
3 
1 

22 
7 
2 
2 
3 
3 

11 
6 
2 
6 
6 
1 
2 

184 

274 

2,10,1 

364 

373 
382 

891 
454 

463 
472 
481 
544 
562 
571 
643 
652 
661 
670 
742 
751 
850 
931 

483. 
534. 
1-3. 
394-411.  415-428,  429-434,  4^,  436-445,  484-402,  528-661,  564-583,  585^596, 

600,602-649, 651-601, 603-605. 
103. 
6,7,10.11,12,14,16.19-22.3^0,42.43,46-54,58-64,  66-83,  80,  90,  03,  94,  96- 

115-146,  140.  151-156,  158,  159,  161,  162,  164-168, 

13,412-414,493^11,524-537,650. 
441                                       156,458-461,463-476,478,479,481,482. 
421 
69. 

§6'                                     ^•°'- 

66! 

51i 

4a 

44, 

13,                                   150, 160,  «r. 

45; 

157,171. 

>  Italloixed  flgurea  Indloate  colon  permitted  by  F.  I.  D.  76. 


Digitized  by 


Google 


LEGAL.  ENACTMENTS.  87 

From  the  table  it  appears  that  there  is  no  one  Green  Table  number 
that  is  permitted  by  each  and  all  of  these  13  legal  enactments,  nor 
is  there  any  one  color  that  is  prohibited  by  each  and  all  of  these  13 
legal  enactments;  and  as  late  as  1902  there  was  considerable  con 
fusion  as  to  what  should  or  should  not  be  permitted  or  forbidden. 
That  the  European  enactments  were  not  in  reality  consistent  or 
effective  appears  from  the  following: 

1.  In  respect  to  the  iise  of  coal-tar  colore,  the  views  as  to  their  harmfulnees  or  harm- 
leaanees  are  very  divergent,  and  this  uncertainty  is  expressed  in  the  various  legislative 
enactments,    (v.  Raumer,  Zts.  Nahr.  Untera.  Hygiene  4r  Waarenk.^  1895 ^  v.  P,  p.  207.) 

2.  After  eating  groats,  which  no  doubt  were  free  from  ordinary  poisons  but  had  been 
colored  with  Martius  Yellow,  a  whole  family  became  sick.  Since  this  coloring  matter 
is  not  mentioned  among  those  which,  under  the  law  of  July  5,  1887,  are  forbidden 
for  the  purpose  of  coloring  articles  of  food,  a  complaint  could  not  be  lodged.  Never- 
theless, the  use  of  Martius  Yellow  for  the  coloring  of  articles  of  food  would  seem  to  be 
dangerous,  since  this  coloring  matter  exerts  poisonous  effects.  It  is  a  weakness  in 
the  law  that  coal-tar  colore,  of  which  new  membera  are  continuously  appearing  on 
the  market,  and  whose  physiological  action  is  unknown,  should  be  at  all  permitted 
for  the  coloring  of  articles  of  food.  (Dietrich,  Th.,  Jahresberichte  der  landunrthechaft- 
UdunVersuciisstation,  Marburg,  1900-1901 ,  p.  IS;  abst.  Zts.  Nahr.  Genussm.,  1902 y  v.  5, 

p.  se4.) 

On  account  of  their  large  number  and  the  great  diversity  of  opinion 
as  to  harmfulness  of  some  coal-tar  colors  and  the  harmlessness  of 
others  therein  reflected,  no  attempt  was  made  to  collect  all  the 
legal  enactments  and  regulations  made  with  respect  to  coal-tar 
dyes.    The  foregoing  are  typical  of  the  remainder. 

COLORS  SAID  TO  BB  PBBMITTBD  X7NDBB  THB  0BBMAN  LAW 

OP  1887. 

That  some  of  the  laws  did  not  employ  specific  terms  but  used  those 
possessed  of  a  great  degree  of  elasticity  appears  from  the  following 
taken  from  Weyl's  "Sanitary  relations  of  the  coal-tar  colors,"  page  38, 
concerning  the  Chamber  of  Commerce  and  Trade  of  Sonneberg  which 
declared  on  December  4,  1887,  that  the  German  law  of  July  6,  1887, 
allowed  the  imrestricted  use  of — 

All  blue  and  violet  anilin  (tJbat  is  coal-tar)  colors,  all  ponceaus,  all  orange  colors. 
Methyl  Green,  Brilliant  Green,  Malachite  Green,  Chrysoidin,  Naphthol  Yellow,  Martius 
Yellow,  Eoein,  Phloxin,  Safranin,  Erythrosin,  Puchrin,  Phenylene  Brown,  and  Anilin 
Black. 

This  amotmts  to  not  less  than  233  permitted  colors,  as  will  now  be 
shown. 

Using  the  Green  Tables  as  a  guide  it  will  be  foimd  that  under  the 
above  ruling  there  are  to-day  no  less  than  107  blue  coal-tar  colors 
which  could  be  used  for  food  coloring.  They  are  arranged  as  follows, 
showing  the  comments  on  same  in  the  literature. 
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BLUE  C0L0B8. 

UnfavorabU:  478,  479,  488,  490,  572,  602,  639.     (Total,  7.) 

FavorabU:  477,  699,  600,  692.    (Total,  4.) 

Contradictory:  287,  457,  480,  563,  601,  650,  689.    (Total,  7.) 

Not  reported  on:  36,  83,  119,  142,  175,  189,  209,  246,  247,  254,  257,  263,  266,  288,  290, 
291,  292,  293,  294,  295,  301,  302,  310,  311,  314,  315,  316,  317,  318,  319,  323,  327,  345, 
347,  348,  351,  352,  356,  359,  364,  430,  432,  439,  440,  442,  444,  456,  473,  476,  481,  482, 
487,  492,  509,  542,  551,  556,  558,  559,  560,  562,  569,  595,  598,  608,  611,  612,  615,  618, 
619,  621,  625,  627,  628,  634,  637,  638,  640,  641,  642,  643,  652,  655,  656,  657,  664,  682, 
693,  694.    (Total,  89.) 

Similarly  there  would  be  50  violets  which  are  classified  as  follows: 

VIOLET  COLORS. 

Unfavorable:  620,  649.    (Total,  2.) 

Favorable:  467,  593.    (Total,  2.) 

Contradictory:  450,  451.    (Total,  2.) 

Not  reported  on:  30,  34,  36,  118,  176,  179,  207,  244,  246,  248,  252,  256,  273,  320,  336, 
338,  340,  342,  343, 444,  452,  454,  455, 463, 464,  465,  466,  468,  469,  470,  471,  472,  474,  486, 
506,  507,  525,  552,  579,  581,  585,  592,  613,  625.    (Total,  44.) 

Similarly  there  would  be  18  jK)nceau8  which  are  classified  as  follows: 

PONOBAUS. 

Unfavorable:  None. 

FavorabU:  169,  448.    (Total,  2.) 

Contradictory:  13,  15,  55, 160, 163.    (Total,  5.) 

Not  reported  (m:  44,  56»,  57  *,  108, 113,  114,  146,  147,  148,  150,  165.    (Total,  11.) 

Similarly  there  would  be  35  Oranges  which  are  classified  as  follows: 

ORANGES. 

Unfavorable:  2,  97.    (Total,  2.) 
Favorable:  85.    (Total,  1.) 

Contradictory:  14, 18,  43,  86,  87,  88,  95.    (Total,  7.) 

Not  reported  on:  10,  23,  47,  54,  99,  100,  136,  162,  196,  217,  218,  222,  225,  236,  236, 
265,  275,  392,  406,  408,  409,  529,  531,  545,  547.    (Total,  25.) 

The  remaining  23  colors  named  are  classified  as  follows: 

MISCELLANEOUS. 

Unfavorable:  Martiua  Yellow  (3).*    (Total,  1.) 

Favorable:  Naphthol  Yellow  S.  (4);  Eoein  (512,  517,  521);  Phloxin  (521);  Erythroein 
(517).    (Total,  6.) 

Contradictory:  Brilliant  Green  (428);  Malachite  Green  (427);  Chrysoidin  (17, 18,  41); 
Safiranin  (584);  Fuchsin  (448);  Phenylene  Brown  (197).    (Total,  8.) 

Not  reported  on:  Methyl  Green  (460,  461);  Eoein  (514,  515);  Phloxin  (518);  Safranin 
(583,  585);  Erythroein  (516);  Anilin  Black  (577).    (Total,  9.) 

It  will  be  noticed  that  names  such  as  Eosin,  Erythrosin,  and  Phloxin 
apx>ear  in  more  than  one  classification;  thus  some  of  each  are  favor- 
ably reported  on  and  the  others  are  not  reported  on  at  aU. 

1  No8. 66  and  67  are  Included  among  the  i)ennltted  colon  of  the  Austrian  law. 
*  The  numben  In  paientbeses  following  the  names  are  the  Qreen  Table  numbers. 
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The  233  colors  said  by  the  Sonneberg  Chamber  of  Commerce  and 
Trade  to  be  entitled  to  unrestricted  use  in  food  coloring  under  the 
German  law  of  1887  referred  to  may  also  be  classified  as  follows: 

Summary  of  cUui^ficatum  of  colors  permitted  under  the  German  law  of  1887  according  to 

comments  in  the  literature. 


Total. 

Comments  In  the  literature. 

Class. 

Unfa- 
vorable. 

Favor- 
able. 

Contra- 
dictory. 

Not  re- 
ported 
on. 

Btnes. 

107 
SO 
18 
36 
23 

7 
2 
0 
2 

1 

4 
2 
2 

1 
6 

7 
2 
6 
7 
8 

89 

Violets 

44 

PoQQeaas 

11 

Or&Dces T 

26 

IftaaMtt^nifK"'"* 

9 

Total 

233 

12 

14 

29 

178 

Out  of  these  233  colors  only  55,  or  about  one-fourth,  have  been 
reported  on  in  the  literature  and  the  remaining  three-fourths  have 
not  been  examined  at  all.  To  the  55  examined  and  reported  on 
there  may  be  added  2,  namely,  Nos.  56  and  57,  since  they  are  included 
among  the  colors  once  permitted  by  law  in  Austria,  thus  making  a 
total  of  57  examined  out  of  232.  Adding  these  two  to  the  14  favor- 
ably reported  on  makes  a  total  of  16.  It  finally  appears  that  41 
out  of  57  colors  examined  would  in  the  Hght  of  present  knowledge 
be  improper  to  be  used  in  food  and  12  at  least  should  not  be  used  for 
such  purposes  at  all. 

The  classification  into  unfavorable,  favorable,  contradictory,  and 
not  reported  on  is  based  upon  the  tabulation  on  page  63;  if  that  is 
substantially  correct  the  above  conclusions  are  also  true. 

The  foregoing  side-by-side  comparison  of  13  legal  enactments, 
while  it  makes  no  claim  to  being  absolutely  and  wholly  accurate  in 
all  the  classifications  or  conclusions  drawn,  is  no  doubt  a  fair  reflec- 
tion of  the  condition  of  mind  of  those  framing  the  enactments,  and 
consequently  of  information  upon  which  those  enactments  were  based; 
and  the  conclusion  would  therefore  seem  to  be  justified  that  the  fact 
that  a  color  has  been  permitted  or  has  been  forbidden  by  any  one  or 
the  majority  of  these  l^al  enactments  ought  not  to  constitute  a 
dean  bill  of  health,  nor  an  indictment,  as  the  case  may  be. 

This  side-by-side  comparison  must  not  be  pushed  to  extremes; 
indeed  the  extent  to  which  it  can  be  employed  is  naturally  very  Um- 
ited,  and  the  purpose  for  which  it  was  made  was  to  reflect  in  a  manner 
easily  and  comprehensively  grasped  the  confusion  and  inconsistencies 
which  very  persistently  force  themselves  upon  the  mind  of  a  person 
reading  those  enactments  and  having  in  mind  the  chemical  individ- 
uals at  which  they  are  aimed. 
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The  definite  lesson  to  be  learned  from  this  side-by-side  comparison 
is  that  these  enactments  in  many  cases  employed  terms  so  vague  and 
indefinite  as  to  permit  the  use  of  some  bad  colors  as  well  as  all  good 
ones,  that  is  they  were  not  sufliciently  definite  to  exclude  aU  that 
were  harmful. 

DBFINITBNBSS  AMD  DETAIL  NB0E8SABY  TO  BFFBCT   aXTALITT 

CONTBOL. 

This  apparent  state  of  confusion  in  l^al  enactments  that  pre- 
ceded the  summer  of  1907  was  a  veiy  strong  factor  in  the  formation 
of  the  conclusion  that  in  order  to  be  effective  any  law  or  regulation 
dealing  with  coal-tar  colors  for  use  in  foods  must  prohibit  eveiy  coal- 
tar  color  except  certain  definite  specific  ones. 

The  Austrian  laws  of  September  19, 1895,  and  of  January  22, 1896, 
provided  for  quaUty  control  by  pubHc  and  other  laboratories  of  the 
coal-tar  colors  put  upon  the  market  for  use  in  foods;  the  results  of 
such  control,  as  reported  in  the  Zeitschrift  fOr  Nahnmgsmittel- 
Unt6rsuchung,  Hygiene  und  Waarenkunde,  1896,  v.  10,  p.  335,  are 
as  follows: 

Coloring  matteiB  of  commerce  are  mostly  mixtures  of  various  coloring  matters,  a 
right  which  manufacturers  will  not  part  wiUi;  and  further,  while  it  is  indeed  possible 
to  test  the  coloring  matter  in  substance,  it  is  neverthekss  impoedble  to  test  it  in  the 
very  small  amounts  which  are  used  in  the  coloring  of  foodstu^  and  to  determine 
with  certainty  the  identity  of  the  color  as  to  whether  it  is  or  not  one  of  the  permitted 
colors. 

Of  21  samples  of  coloring  matter  examined,  14  were  objectionable,  partly 
because  of  false  labeling,  or  because  they  were  mixtures,  partly  because  they 
contained  pdsonous  metals,' or  a  f<vbidden  coloring  m&tter.  Thus,  a  so-called  ''Ever- 
green ''  was  Naphthol  Green  B,  a  poisonous  nitroso  color;  Malachite  Green  contained 
zinc;  an  Acid  Magenta  and  a  Rosalin  contained  traces  of  copper;  Ponceau,  Eosin, 
Brown,  and  Roccellin  contained  traces  of  tin;  Orange  I  and  Waterblue  contained 
trades  of  tin  and  zinc.  The  last-named  coloring  matters  were  therefore  not  prepared 
in  proper  state  of  purity. 

The  authorities  in  Vienna  examined  four  and  rejected  two  colon.  (Jbid.y  1898, 
p,  107.) 

The  Swiss  authorities  exercised  control  over  colors,  after  they 
reached  the  market,  with  the  result  that  the  authorities  in  Basle 
examined  ten  colors  and  rejected  one.     {Ihid.,  1897,  p.  29i.) 

These  facts,  together  with  the  knowledge  derived  by  even  the  most 
superficial  ocular  examination  of  the  294  specimens  received  in  the 
sunmier  of  1907,  played  a  very  great  part  in  the  formation  of  the  con- 
clusion that  control  of  quality,  in  order  to  be  even  reasonably  eflFec- 
tive,  must  be  thoroughgoing,  and  that  colors  must  be  excluded  from 
the  market  until  they  prove  themselves  to  be  clean,  rather  than 
permitted  promiscuously  and  then  driven  out  of  the  market  by  the 
authorities  if  unsuitable. 

The  eflfective  quaUty  control  of  food  colors  requires  careful  and 
searching  examination  of  a  kind  which  can  not  usually  be  obtained 
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by  the  general  purchasing  public.  The  quality  of  the  food  colors 
offered  in  the  summer  of  1907  varied  greatly,  and  the  substances 
contaminating  them  were  of  such  indefinite  and  probably  variable 
composition  (of  whose  physiological  action  nothing  definite  was 
known  and  whose  quick  and  certain  detection  in  the  colored  food 
product  would  be  very  complicated,  if  not  impossible)  that  quality 
control  of  greater  efficiency  than  that  exercised  by  those  selling 
food  colors  in  the  sunmier  of  1907  seemed  necessary  on  the  part  of 
the  authorities  having  charge  of  the  enforcement  of  the  food  and 
drugs  act. 

The  points  of  original  entry  of  food  colors  into  the  United  States 
food-color  market  are  relatively  few,  whereas  the  points  of  distribu- 
tion of  food  colors  are  very  many,  the  former  being  less  than  20  and 
probably  fewer  than  10,  while  the  latter  may  number  up  into  the 
hundreds;  therefore,  not  only  is  the  labor  and  the  expense  of  quality 
control  of  food  colors  reduced  to  its  probable  minimum  by  keeping 
food  colors  off  the  market  until  they  have  shown  their  right  to  be 
soused,  but  also  the  certainty  and  the  efficiency  of  quality  control 
is  increased  to  its  probable  maximum. 

The  quaUty  control  thus  suggested  is  similar  to  that  exercised  by 
the  States  of  New  York,  Michigan,  and  Ohio  over  salt  before  it 
enters  the  market  for  human  consumption.  The  method  of  color 
control  here  suggested  differs  only  in  degree,  not  in  kind,  from  the 
quality  control  exercised  over  salt  by  the  States  named.  Experience 
has  shown  such  quality  control  of  food  colors  to  be  not  only  practi- 
cable but  capable  of  realization  without  any  hardship  and  but  little, 
if  any,  inconvenience  to  those  concerned. 

STATE  LAWS  FBOHIBITIN0  THE  USE  OF  COLOBS  IN  CERTAIN 

FOODS,  1909. 

The  laws  of  the  individual  States  of  the  United  States  have  also 
restricted  the  use  of  coal-tar  coloring  matters  in  foods.  These 
restrictions  are  directed  principally  against  the  use  of  color  to  con- 
ceal inferiority,  which  restriction  is  found  in  almost  all  the  States. 

The  sale  of  poisonous  coloring  matters  for  foods  is  prohibited  in  the 
State  of  New  York,  and  in  New  York  and  North  Carolina  the  addition 
of  injurious  colors  to  foods  is  prohibited. 

Afinnesota  and  North  Carolina  prohibit  coal-tar  dyes  in  all  foods. 

Foods  and  beverages  are  considered  adulterated  in  North  Dakota 
and  Wyoming  if  they  contain  aniline  dyes  or  other  coal-tar  dyes. 

Artificial  coloring  is  prohibited  in  sausages  by  Colorado  and 
Wisconsin. 

Artificial  coloring,  including,  of  course,  coal-tar  colors,  must  not  be 
added  to  vinegar  in  the  States  of  Arkansas,  California,  Connecticut, 
Iowa,  Minnesota,  Missouri,  New  Jersey,  New  York,  Pennsylvania, 
Tennessee,  Wisconsin,  and  Wyoming. 
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Distilled  yinegar  must  not  contain  artificial  color  in  Ohio  and 
Oklahoma,  and  must  be  free  from  harmful  artificial  coloring  matter 
in  Utah. 

In  South  Dakota  oleomargarine  must  not  be  colored. 

Artificial  coloring  is  prohibited  in  milk  by  California,  Oklahoma, 
Pennsylvania,  Utah,  and  Wisconsin  and  in  cream  by  California 
Connecticut,  Pennsylvania,  Utah,  and  Wisconsin. 

Coal-tar  dyes  are  inhibited  in  cakes,  crackers,  candy,  ice  cream, 
and  like  products  by  Virginia.  Ice  cream  is  considered  adulterated 
in  Michigan  if  it  contains  harmful  colors. 

Forty-six  States  prohibit  the  use  of  poisonous  colors  in  candy. 
They  are  as  follows:  Alabama,  Arkansas,  California,  Colorado,  Con- 
necticut, Delaware,  District  of  Columbia,  Florida,  Georgia,  Idaho, 
Illinois,  Indiana,  Iowa,  Kansas,  Kentucky,  Liouisiana,  Maine, 
Maryland,  Michigan,  Minnesota,  Missouri,  Montana,  Nebraska, 
Nevada,  New  Hampshire,  New  Jersey,  New  York,  North  Carolina, 
North  Dakota,  Ohio,  Oklahoma,  Or^on,  Pennsylvania,  Philippine 
Islands,  Porto  Rico,  Rhode  Island,  South  Carolina,  South  Dakota, 
Tennessee,  Texas,  Utah,  Vermont,  Virginia,  Washington,  Wisconsin, 
and  Wyoming. 

VI.  BECOHMElfDATIOirS  BT  ASSOCIATIONS  AND  EfDIVIDTrALS 
AS  TO  TTSE  OF  COAL-TAB  DTES  AS  FOOD  COLOBS. 

CAZBNEXrVE  AND  LftPINE. 

Cazeneuve  and  Lupine  {BuU.  de  Vacad,  de  mSdidnej  April  S7,  1886, 
p.  643)  says: 

We  have  arrived  at  the  following  conclueions: 

1.  The  nitro  derivativee  are  especially  poisonous  (dinitronaphthol  being  comparable 
with  picric  acid),  but  the  sulphonated  product  is  harmless. 

2.  Safranin  and  Methylene  Blue  are  harmful,  producing  gastric  intestinal  dis- 
turbances, being  violent  poisons. 

3.  The  following  coloring  matters  are  tolerated  by  man,  whether  well  or  a£fected 
with  Bright 's  disease;  similarly,  too,  animals  (dogs,  guinea  pigs)  without  any  noticeable 
disturbances  and  at  rather  high  doses: 


Probable 

areen  Table 

Nos. 


Ponceau  R. 
Orange  I.... 
Fuchsin  S.. 


Probable 

Green  Table 

Nos. 

55 

85 

462 


1.  Fast  Yellow 9 

2.  Roccellin 102 

3.  BordeauxB 65 

4.  Purple 106  or  107 

Among  the  nontoxic  sulphonated  colors  we  have  been  able  to  make  out  the  following 

list  or  classification,  based  upon  their  power  of  producing  disturbances,  proceeding 

from  the  least  inert  to  the  most  inert: 

Probable 

Qreen  Table 

Nos. 

5.  YellowNS 4 

6.  Fast  Yellow 9 

7.  Purple 106<wl07 


1.  Orange  I.... 

2.  BordeauxB. 

3.  Ponceau R.. 

4.  Roccellin. . . 


Probable 

Oreen  Table 

Nos. 

85 

65 

55 

102 
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The  results  of  our  experimenta  have  led  us  to  the  following  conclusions: 

1 .  The  relative  nonpoisonous  nature  of  the  azo  colors  used  for  coloring  wines  explains 
why  this  artificial  coloring  has  not  caused  any  real  epidemic. 

2.  This  artificial  coloring  of  wines  by  coal-tar  colors  is  dangerous.  It  opens  the  door 
to  the  employment  of  coloring  matters  of  very  variable  and  noxious  properties.  Thus 
Martius  Yellow,  which  is  poisonous,  has  been  used  for  10  years  past  to  color  pastry 
(3  grams  per  100  kilograms)  and  it  may  be  used  to-morrow,  perhaps,  to  color  wines  mixed 
with  a  red  or  a  blue. 

3.  A  rigid  law  against  the  artificial  coloring  of  wines  ought  to  be  promulgated, 
particularly  if  this  coloration  covers  detestable  practices  most  prejudicial  to  the  public 
health.  The  addition  of  salicylic  acid,  glycerin,  and  tartaric  acid,  or  the  acidifying 
by  sulphuric  acid,  is  cloaked  by  the  use  of  the  coloring  matter. 

Some  sulphonated  azo-coloring  matters  are  sufficiently  inert  to  enable  their  being 
employed  as  artificial  color  in  foods,  bonbons,  and  liquors.  These  colors  are  manu- 
factured according  to  simple  processes  which  give  theoretical  yields  and  no  metallic 
salt,  such  as  mercury,  tin,  or  arsenic  participates;  sulphate  of  soda  is  the  only  impurity. 

In  view  of  the  great  extent  of  the  use  of  these  coloring  matters,  it  is  better  to  regulate 
their  consiunption  by  tolerating  certain  of  these  products  rather  than  to  interpose  an 
illusory  barrier  to  their  use.  Where  you  can  not  arrest  a  stream  you  can  at  least  regu- 
late its  course. 

It  would  be  better  definitely  to  classify  these  substances  with  respect  to  their  noxious 
proi)erties,  tolerate  some  and  prohibit  the  others,  rather  than  to  be  exposed  to  the 
consequences  of  permitting  manu^turers  to  introduce  into  food,  without  any  scien- 
tific control  whatever,  any  products  whatever. 

These  coloring  matters  should  be  sold  in  commerce  under  the  names  of  harmless 
colors  as  determined  by  analysis.  By  chemical  analysis  it  would  be  recognized  as  to 
whether  we  were  dealing  with  one  color  or  with  a  mixture  of  two  or  three  colors. 

The  colors  most  used  are  made  up  of  red,  yellow,  and  blue,  which  apparently  imitate 
the  appearance  of  the  wines  of  the  Midi.  Thus  we  have  recognized  such  coloring 
matters  in  Roccellin,  Naphthol  Yellow,  and  Methylene  Blue. 

Sulphonated  Fuchsin  is  very  much  used,  combined  with  a  yellow  and  a  blue.  This 
mixture  turns  green  with  ammonia,  like  the  coloring  matter  of  wine.  In  fact.  Acid 
Fuchsin  is  decolorized  by  ammonia.  The  yellow  and  blue  remain  intact,  and  give  a 
green  which  suggests  true  wine  color. 

SOCIETY  OF  SWISS  ANALYTICAL  CHEMISTS. 

In  1891  the  Society  of  Swiss  Analytical  Chemists  recommended 
that  certain  coloring  matters  which  are  to  be  regarded  as  harmful 
to  health  should  not  be  permitted  to  be  used  in  the  preparation  of 
articles  of  food  intended  for  sale  in  which  artificial  coloring  is  at  all 
permitted. 

The  coal-tar  colors  thus  prohibited  are  identified  in  the  following 
by  their  Green  Table  numbers,  only  one  trade  name  being  given: 
Picric  Acid  (1);  Dinitrocresol  (2);  Martius  Yellow  (3);  Aurantia  (6); 
Orange  II  (86);  Metanil  Yellow  (95);  Safranin  (584);  Methylene 
Blue  (650).     (Zte.  Nahr.  Unters.  Hygiene,  1891,  v.  6,  p.  29S.) 

TSCHIBCH. 

In  1893  Tschirch  recommended  as  follows: 

1.  The  coal-tar  colors,  and  in  a  narrow  sense  the  anilin  colors,  are  no  longer  harmful 
on  account  of  their  arsenic  content,  since  at  the  present  time  the  great  majority  of 
them  are  prepared  free  from  arsenic. 

2.  Some  colors  have  shown  themselves  to  be  harmful  to  the  system. 
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3.  Coal-tar  colore  in  general  should  th^efore  be  permitted  for  the  coloring  of  foods, 
but  those  that  have  been  found  to  be  harmful  should  be  expressly  and  specifically 
forbidden. 

4.  The  amount  of  coloring  matter  which  has  been  determined  quimtitatively  in 
bonbons  and  liqueurs  is  so  small  that  even  the  ones  regarded  as  poisonous  would  not 
be  able  to  develop  their  harmful  effects.  (Ztt.  Nakr.  UrUers.  Hygiene  Waareni.f 
1893,  V.  7,  p.  S38.) 

EAY8BB. 

In  1895  Kayser  expressed  himself  as  follows: 

As  to  the  poisonous  nature  of  organic  coloring,  and  in  respect  to  their  composition, 
H.  Erdmann  (Pharm.  Centralh.,  1892 ,  v.  33,  p.  357)  concludes  that  in  general  acid 
dyestuffs  can  pass  as  nonpoisonous;  whereas  in  the  case  of  basic  coloring  matters  it 
is  recommended  to  make  a  physiological  examination  before  using  them  for  the  col- 
oring of  things  in  daily  use,  especially  articles  of  food.  Whether  that  portion  of  that 
view  which  deals  with  acid  dyestuffs  will  retain  imexceptionable  and  positive  validity 
appears  doubtful. 

At  the  present  time,  speaking  generally,  interested  manufacturers  take  the  point 
of  view  that  all  the  coloring  matters  which  are  not  forbidden  in  the  food  law  are  to  be 
regarded  as  permitted.  Whether  this  point  of  view  is  free  from  legal  objection  can 
not  be  discussed  here;  that,  however,  it  can  not  be  accepted  from  a  hygienic  point  of 
view  imder  any  circumstances  whatever  does  not  require  any  special  proof  for  those 
conversant  with  the  facts.  The  hygienic  requirements  imder  all  circumstances 
can  be  summed  up  in  the  following  rule: 

Every  coloring  matter  is  to  be  regarded  in  every  way  as  suspicious,  so  &u*  as  its 
harmleesness  is  not  proven  by  experience  or  by  correct  physiological  experiments. 

No  one  can  say  in  advance  that  among  the  colors  which  are  to-day  manufactured 
and  used,  which  are  as  yet  not  called  into  question,  there  are  none  which  possess 
distinctly  poisonous  properties.  Correct  examination  of  artificial  coloring  matters  in 
this  direction  is,  as  is  well  known,  even  to  the  present  almost  whoUy  lacking.  (Forath- 
ungsherichU  Uher  LehensmiUel,  etc.,  1895,  Vol.  II,  p.  181.) 

WEYL. 

In  1896  Weyl  expressed  himself  as  follows: 

Since  the  number  of  the  organic  coloring  matters  already  known  is  a  very  large  one, 
and  since  their  number  is  increasing  daily,  and  it  seems  to  be  unlikely  that  each 
individual  of  these  coloring  matters  will  be  examined  as  to  its  poisonous  nature,  thore 
are  only  two  ways  left  in  which  to  solve  the  question  as  to  the  use  of  coloring  mattos 
in  the  manufacture  of  food  and  articles  of  daily  use. 

One  of  them,  and  at  the  same  time  the  simplest,  would  be  to  prohibit  the  use  of  all 
coloring  matters  for  the  coloring  of  foods,  etc.  This  rigorous  point  of  view  will  hardly 
ever  be  taken  by  legislators,  because  it  would  be  tantamount  to  the  removal  of  many 
marks  of  differentiation  which  have  become  desirable  and  necessary. 

The  second  way  seems  to  be  the  much  more  practicable,  and  which  Theodor  Weyl 
proposed  some  time  ago. 

It  consists  in  permitting  the  use  of  only  a  definite  number  of  coloring  matters,  recog- 
nized as  harmless,  for  the  coloring  of  articles  of  food,  etc.  Which  coloring  matters 
are  to  be  so  permitted  is  to  be  determined  by  the  authorities  having  jurisdiction. 
The  same  authorities  are  also  to  determine  the  mft-rimiim  amount  of  each  coloring 
matter  which  can  be  used  for  any  purpose.  New  coloring  matters  can  be  used  only 
for  the  above-mentioned  purposes  when  they  have  been  recognized  as  nonpoisonous 
after  official  test.  All  permitted  coloring  matters  must  be  also  detectable,  even  in 
small  amounts.    (Handbuch  der  Hygiene,  1896,  Vol,  III,  p,  385,) 
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NATIONAL  CONFEOnONBBS'  ASSOCIATION. 

In  1899  the  National  Confectioners'  Association  of  the  United 
States  issued  an  official  circular^  which  has  been  previously  discussed,* 
designating  certain  colors  as  harmful,  and  certain  others  as  harmless; 
the  members  of  each  class  are  given  in  the  following  Kst,  in  which 
only  one  trade  name  is  given,  the  Green  Table  number  appearing  in 
parentheses  at  the  end  of  that  name. 

Harmful  Oroanic  (Colors. 

Red  colors:  Ponceau  3RB  (163);  Ciocein  Scarlet  SB  (160);  Cochineal  Red  A  (106); 
Crocein  Scarlet  7B  (169);  Crocein  Scarlet  O  extra  (164);  Safranin  (584). 

Yellow  colors:  Picric  Acid  (1);  Martins  Yellow  (3);  Acme  Yellow  (84);  Victoria 
Yellow  (2);  Orange  II  (86);  Metanil  Yellow  (95);  Sudan  I  (11);  Orange  IV  (88). 

Green  colors:  Naphthol  Green  B  (398). 

Blue  colors:  Methylene  Blue  BBG  (650). 

Brown  colors:  Bismarck  Brown  (197);  Veeuvin  B  (201);  Fast  Brown  G  (138);  Chrys- 
oidin  (17,  18). 

Harmless  Organic  Colors. 

Bed  colors:  Artificial  Alizarin  and  Purpurin  (534);  Eosin  (512);  Erythroein  (517); 
Rose  Bengale  (520);  Phloxin  (521);  Ponceau  2R  (55);  Bordeaux  B  (65);  Ponceau  2G 
(15);  Fuchsm  S  (462);  Archil  Substitute  (28);  Orange  I  (85);  Congo  Red  ^240);  Azoru- 
bin  S  (103);  Fast  Red  D  (107);  Fast  Red  (105);  Ponceau  4GB  (13);  Fuchsin  (448). 

YeUow  and  Orange  cotor»:  Naphthol  Yellow  S  (4);  Brilliant  Yellow  (5);  Fast  Yellow 
(8);  Fast  Yellow  R  (9);  Azarin  S  (70);  Orange  (43). 

Green  colors:  Malachite  Green  (427);  Dinitrosoresorcin  (394). 

Blue  colors:  Indigo  (689);  Gentian  Blue  (457);  Couplers  Blue  (600). 

VioUt  colors:  Paris  Violet  (451);  Wool  Black  (166);  Azoblue  (287);  Mauvein  (593). 

Brown  colbrs:  Chrysamin  R  (269). 

SGHAOHEBL. 

Schacherl  in  1903  made  the  foUowing  statement: 

If  coal-tar  colors  are  to  be  permitted  for  the  coloring  of  food,  then,  in  my  opinion, 
it  is  not  right  to  limit  the  use  of  such  to  a  few  coloring  matters,  but  groups  of  coloring 
matters  must  be  permitted  which  are  without  suspicion  from  a  sanitary  standpoint, 
and  which  are  characterized  by  definite  reactions.  Other  groups,  on  the  other  hand, 
which  contain  harmful  or  merely  suspicious  colors,  must  be  absolutely  excluded. 
*  *  *  The  selection  would  be  easily  made  if  sufficient  data  were  at  hand  with 
respect  to  the  physiological  action.  Unfortimately  this  is  lacking,  a  circumstance 
which  need  not  be  surprising  in  view  of  the  very  large  number  of  synthetic  coloring 
matters,  since  the  Schultz-Julius  tables  enumerate  681  such  colors.  Unfortunately 
the  experiments  of  Th.  Weyl,  which  were  planned  on  a  large  scale,  have  not  been 
completed,  and  apart  from  isolated  investigations  we  are  limited  in  passing  judgment 
upon  the  most  of  these  colors  to  the  proof  that  to  date  nothing  with  respect  to  harmful 
action  has  become  known.  *  *  *  Consequently  it  is  still  possible  that  one  or  the 
other  coloring  matter  which  may  to-day  be  regarded  as  above  suspicion,  or  a  newly 
discovered  coloring  matter  may  possess  poisonous  properties;  the  legislators  should 
under  all  cuxrumstances  have  the  power  to  exclude  for  use  in  foods  all  suspicious 
combinations,  and  all  such  coloring  matters  as  are  not  easily  distinguishable  from  them. 

1  See  also  p.  30. 
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The  final  recommendatioDs  of  Schacherl  amount  to  permitting — 

1.  All  the  Azo  colors,  NO0.  7  to  393  of  the  Green  Tables,  except  No.  86. 

2.  All  the  Triphenylmethane  colore,  N08.  427  to  492  of  the  Green  Tables,  except 
the  hydroxyl  derivatives,  which  would  be  Green  Tables  Nos.  433, 484, 485, 486,  and  491. 

3.  All  Pyronins,  Nos.  493  to  527  of  the  Green  Tables. 

4.  All  Oxyketones,  Nos.  537  to  570  of  the  Green  Tables. 

5.  All  Indulins,  Nos.  599,  601,  and  603  of  the  Green  Tables. 

6.  Naphthol  Yellow  S,  G.  T.  No.  4. 

7.  Methylene  Blue,  G.  T.  No.  650. 

The  use  of  all  other  coal-tar  colore  would  best  be  forbidden,  partly  from  hygienic 
and  partly  from  practical  considerations  (rendering  control  more  easy),  until  the 
absolute  harmlessness  of  the  group  in  question  is  determined  by  physiological  test. 
*  *  *  It  should  be  required  of  all  permitted  coloring  mattere  that  they  shall  not 
contain  substances  which  are  harmful  to  health,  or  even  suspicious,  either  in  chemical 
imion  or  as  contaminations.  {Fifth  IrUematumal  Congress  of  Applied  Chemistry,  Ber- 
lin, 1903,  Vol.  IV,  pp.  1041-1048.) 

The  exclusions  recommended  are  all  nitro-colors,  except  Naphthol 
YeUow  S;  all  acridin  colors  and  all  chinolin  colors;  Auramin,  In- 
dophenol  and  all  nitro-colors,  except  Naphthol  Yellow  S,  Schacherl 
regards  as  not  necessary;  further,  he  has  no  knowledge  of  the  physio- 
logical action  of  any  of  the  azoxy  or  the  thiobenzenyl  colors,  and 
aside  from  Methylene  Blue,  he  has  no  knowledge  of  the  physiological 
action  of  the  oxazins  and  thiazins. 

CLASSIFICATION  OF  BBCOMMENDATIONS  IK  THE  LTTE&ATUBE. 

The  foUowing  table  shows  the  groups  of  coal-tar  colors  of  the 
Green  Table  classification  and  the  Green  Table  numbers  of  the 
members  of  each  of  the  groups,  together  with  the  favorable  or  unfa- 
vorable recommendations  found  in  the  literature  in  regard  to  each 
and  a  statement  as  to  those  regarding  which  no  recommendations 
are  made: 

Tabulation  of  recommendations  found  in  the  literature. 


Group 
num- 
ber. 

Oreen 

Table 

number. 

Name  of  color. 

Number  of  indiyidtiAlB 
reported  on- 

Total  number. 

Un- 
fa vor- 
ably. 

(1) 

Favor- 
ably. 

(2) 

Con- 
fUct- 

Re- 
ported. 

(i) 

Not  re- 
ported. 

(5) 

1 

1-e.... 

7-132  . 
133-336.. 
337-^82.. 
383-393.. 
394-398.. 
399-416.. 
417-424.. 
425-426.. 
427-492. . 
493-527. . 
528-533.. 
634-570. . 
671-578. . 
679-616.. 
617-648. . 
649-657. . 
658-663.. 
664-667.. 
668-688.. 
689-695.. 

Nltro 

4 

I 

2 
10 
3 

0 
19 
7 

6 
32 
13 

0 

2 

Monoazo 

94 

3 

Disazo 

191 

4 

Trisaso 

46 

6...  . 

TptTHklflftM). .                       .                             

11 

e 

Nitroeo 

0 
0 

1 

1 

1 
0 

2 

1 

3 

7 

Stilbene 

17 

8 

Oxy  ketone 

8 

9    . 

Dlpheny  Imethane 

1 
5 
2 
2 
0 
2 
2 
2 
3 
1 
1 
2 
0 

0 
5 
6 
0 
0 
1 
3 
0 
0 
0 
0 
0 
1 

0 
8 

1 
0 

1 

0 
2 
0 
1 
0 
0 
0 

1 

1 
18 
8 
2 
1 
3 
7 
2 
4 
1 
1 
2 
2 

1 

10 

Triphenylmethane 

48 

11. 

Xanthenes 

27 

12 

Acridin 

4 

13    . 

Anthracene 

36 

14 

Indophenols 

5 

15 

Azins 

31 

16 

30 

17  . 

T  hiazlns 

5 

18 

Thiobenzenyl 

5 

19    .. 

Quinolln 

3 

20 

Sulphids 

19 

21 

Indlffos 

5 

Total 

33 

32 

41 

106 

689 
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CONOLTJSIONS. 

Applying  the  Schacherl  rule,  **  Other  groups  which  contain  harmful 
or  merely  suspicious  colors  must  be  absolutely  excluded,"  to  this 
table  and  assuming  that  all  entries  in  columns  1  and  3  shall  be 
regarded  as  rendering  such  colors  as  ** harmful  or  merely  suspicious," 
it  will  be  found  that  only  one  group,  namely  the  Stilbene  group, 
would  be  permitted  under  that  rule;  further,  that  this  rule  would 
admit  17  colors,  not  one  of  which  has  been  reported  on  in  the  litera- 
ture as  to  its  physiological  action.  This  state  of  affairs  tends  to  em- 
phasize the  dij£culties  in  the  way  of  any  generalization  which  will  be 
safe  so  far  as  pubUc  health  is  concerned  and  fair  to  those  who  use 
food  colors  for  admittedly  legitimate  purposes  and  to  make  the 
following  recommendation  appears  to  be  the  only  satisfactory  way 
of  solving  the  food-color  problem: 

Although  it  would  be  possible  to  draw  quite  reliable  conclusions  as  to  the  advisa- 
bility of  employing  certain  colors  for  food  products  on  the  basis  of  their  chemical 
constituency^  the  mode  of  their  manufacture  and  of  the  ingredients  used  in  same, 
nevertheless,  I  think  that  by  far  the  safest  way  would  be  on  the  one  side  to  force 
the  dealers  of  colors  intended  for  food  products  to  sell  only  such  colors  with  which 
exhaustive  and  careful  physiological  tests  have  been  made  by  experienced  and  espe- 
cially impartial  and  thoroughly  reliable  people,  thereby  establishing  their  harmless- 
nesB  beyond  a  doubt.  On  the  other  hand,  the  manu^turers  and  canners  of  food 
products  of  any  description  should  be  forced  to  purchase  and  use  only  those  colors 
K^chtheyaresurehave  been  submitted  to  such  careful  tests  as  have  been  described 
and  by  these  tests  found  to  be  harmless.  {Lieher,  The  use  of  cocd-tar  colors  in  food 
products,  1904,  p.  ISO,) 

This  view  is  confirmed  by  Santori  *  (Moleschoifs  UrUersuchungen, 
1896,  Vol.  XV,  p.  67),  who  says: 

From  all  these  experiments  it  follows  that  it  is  impossible,  as  some  have  desired  to 
do,  to  conclude  simply  from  the  chemical  composition  and  constitution  whether  any 
given  coal-tar  dye  is  poisonous  or  nonpoisonous.  Thus  Indulin  belongs  to  the  same 
group  as  Printing  Blue  ^d  Methyl  Violet  to  the  same  group  as  does  Acid  Violet; 
therefore  each  individual  coal-tar  dye  must  be  separately  examined,  and  it  is  only 
by  this  laborious  method  that  the  use  of  all  really  poisonous  coal-tar  dyes  will  be 
prevented. 

Vn.  BECOMMEVDATIOKS  MADE  BT  UNITED  STATES  COLOB 
□TDUSTBIES  AND  TBADES  TO  THE  DEPABTMENT  OF  AGBI- 
CTJLTTTBE. 

Prior  to  the  issuance  of  any  r^ulations,  the  commission  on  rules 
and  regulations  for  the  food  and  drugs  act,  June  30,  1906,  held  meet- 
ings in  New  York  City  during  September  of  that  year.  The  steno- 
graphic reports  of  those  meetings,  and  the  briefs  filed,  in  so  far  as  they 

1  Santori  examined  15  different  blue  and  violet  dyes  on  dogs  by  the  mouth  and  hypodermically.  Of 
these  15, 8  are  poisonous  by  the  mouth  and  7  are  nonpoisonous  by  the  mouth.  He  found  Indulin  to  be  pois- 
onous and  Printing  Blue  to  be  nonpolsonoas;  Add  Violet  to  be  nonpoisonous  and  Methyl  Violet  to  be 
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relate  to  colored  food,  colored  food  products,  or  material  for  coloring 
foods  or  food  products,  have  been  condensed  verbatim  in  the  foUowing 
pages  with  the  sole  exception  of  omissions,  as  indicated ;  for  obvious 
reasons  the  names  of  those  making  the  suggestions  hereinafter  quoted 
are  not  given.  This  review  of  opinions  expressed  and  recommenda- 
tions given  by  the  industries  and  trades  most  interested  in  the  manu- 
facture, use,  and  sale  of  food  colors  and  colored  food  products  is 
believed  to  be  fair  and  full  with  respect  to  each  and  every  quotation. 
The  numbers  in  parentheses  following  each  quotation  refer  to  the 
pages  in  the  stenographic  minutes  of  the  hearing  from  which  those 
quotations  are  made. 

AXTTAGONISTIO  TO  ALL  ADDED  ABTIFICL^UL  COLOB. 

1.  Oiir  position  in  the  coloring  question  is  that  we  are  opposed  to  all  artificial  coloring 
matter  in  food  products.    *    *    *    (p.  109). 

2.  Secondly,  speaking  first  of  our  own  business,  and  I  believe  that  my  view  would 
hold  as  regards  all  food  products,  it  is  my  opinion  that  aU  added  artificial  coloring 
matter  in  food  products  should  be  prohibited.  My  experience  in  our  line  of  business 
demonstrates  this  to  me  beyond  any  question  of  doubt  (p.  439). 

CONCEBNINa  BESTBICTIONS  AND  BEQXJIEEHENT8. 

WHAT  CLASSES  OP  COLORS  SHOULD  BB  PERMITTED  TO  BE  USED. 

1.  All  colors,  irrespective  of  their  class,  whether  animal,  vegetable,  or  synthetic, 
which  have  been  physiologically  and  chemically  examined,  and  which  will  neither 
retard  digestion  nor  have  special  physiological  effects  when  consumed  in  quantities 
corresponding  to  two  grains  per  day  per  adult  (p.  106). 

2.  On  the  use  of  colors  we  recommend  that  any  kind  of  a  harmless  color  should  be 
permitted  provided  it  is  not  a  color  generally  known  to  be  poisonous,  or  generally 
foimd  to  be  poisonous,  or  one  that  may  be  almost  impossible  to  be  produced  without 
containing  some  poison  within  itself,  when  finished  and  ready  for  use  (p.  119). 

3.  Only  such  colors  as  are  guaranteed  to  be  harmless  by  reliable  manu&cturers  should 
be  used  in  the  manufacture  of  confectionery  (p.  555). 

^ 
WHY  COAL-TAR  COLORS  SHOULD  NOT  BE  BARRED. 

4.  Coal-tar  colors,  as  a  class,  should  not  be  prohibited;  but  all  those  coal-tar  colors 
generally  found  to  be  poisonous,  or  which  are  hard  to  produce  without  containing 
poisonous  properties  when  ready  for  use,  should  be  forbidden  the  privilege  of  being  used 
or  offered  for  sale  for  use  in  food  (pp.  116, 117). 

5.  I  ought  to  put  in  a  plea  for  the  use  of  coal-tar  colors,  harmless,  of  course,  for  the 
reason  that  we  have  not  as  yet  been  able  to  find  any  vegetable  coloring  that  is  suitable 
that  will  give  us  the  results  that  we  require.  Coal-tar  colors,  as  everybody  knows, 
are  much  stronger  and  are  more  soluble  and  not  acted  upon  by  acids,  whereas  the 
v^etable  colors,  with  but  one  exception,  which  is  a  dark  red,  we  have  found  great 
difficulty  in  making  use  of  for  bottled  soda  water.  Almost  all  the  vegetable  colors 
either  fade  out  or  change  on  account  of  the  citric  acid  in  the  syrup  or  food,  or  form  in  a 
little  while  a  precipitation  which  renders  the  goods  imsalable  (pp.  119, 1^). 

6.  *  *  *  aniline  butter  colorings  *  *  *  are  superior  to  all  vegetable  colote 
in  the  following  points:  (1)  Shade  and  brilliancy.  (2)  Strength,  by  which  less 
foreign  material  is  introduced  into  the  butter.  (3)  Permanency  when  exposed  to 
light  and  cold  storage.    (4)  No  effect  on  the  taste  or  flavor.    (5)  A  clear  solution 
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without  sediment  or  mud  which  gives  the  butter  a  unifonn  tint  without  specks  (pp. 
176,  177). 

7.  We  recommend  *  ♦  *  that  the  use  of  hannless  coal-tar  colors,  such  as 
chrysoidine,  tropeeoline,  azoflavine,  rocelline,  ponceau,  Bordeaux,  Biebrich  red, 
sulphonated  fuchsin  and  naphthol  yellow  S  be  allow^,  subject  to  declaration  on  the 
label  of  the  quality  and  quantity  of  the  color  used  (p.  226). 

RELATION  OP  LABEL  TO  COLORED  FOOD  PRODUCTS. 

8.  *  *  *  if  it  seems  wise  in  the  opinion  of  the  commission  to  allow  certain  color- 
ing matters  in  food  products,  then  the  names  of  the  coloring  matter  ought  to  be  stated 
on  the  article  (p.  109). 

9.  *  *  *  I  suggest  that  the  use  of  aniline  colors  should  be  made  proper  if  it  is 
so  stated  on  the  label  (p.  127). 

10.  We  recommend  ♦  *  *  that  the  use  of  harmless  coal-tar  colors  *  *  *  be 
allowed  subject  to  declaration  on  the  label  of  the  quality  and  quantity  of  the  color 
used  (p.  226). 

LABEIINO  OP  POOD  COLORS  AS  DI8TINOUI6HSD  PROM  COLORS  POR  OTHER  USES. 

11.  We  recommend  that  if  by  any  means  the  Government  has  the  power  under 
the  food  laws  to  compel  color  manu&cturers  so  to  do,  they  be  compelled  to  label  all 
packages  containing  colors  intended  to  be  used  in  articles  of  food  as  colors  intended 
tat  such  purposes  as  distinguished  from  colors  intended  for  other  purposes;  *  *  * 
(pp.  555,  555a). 

THE  TEST  OP  A  HARMLESS  COLOR. 

12.  A  harmless  color  is  one  ''which  will  neither  retard  digestion  nor  have  special 
physiological  effects  when  consumed  in  quantities  corresponding  to  two  grains  per 
dayperadult''(p.  106). 

QUANTITY  OF  COLOR  TO  BE  CONSIDERED  IN  DETERMININO  HARMLESSNESS. 

13.  The  quantity  of  2  grains  is  mentioned  here  because  in  confectionery  where 
these  harmless  colors  are  more  used  periiaps  than  in  any  other  product,  it  would  be 
a  prop<^on  of  one  part  of  color  to  3,500  parts,  representing  1  poimd  of  color  to  3,500 
pounds  of  confectionery,  and  that  is  why  that  was  accepted,  because  that  is  practi- 
cally the  maTimum  quantity  used  in  confectionery  (p.  106). 

14.  In  the  very  minute  quantities  in  which  the  colors  are  used  in  carbonated  bev- 
erages, it  would  seem  a  great  hardship  to  prevent  us  from  using  coal-tar  colors.  One 
ounce  of  coal-tar  red  will  color  satisfactorily  from  1,000  to  2,000  gallons  of  soda  water. 
Of  yeUow  and  orange  1  oimce  will  color  from  1,000  to  8,000  gallons.  It  is  readily 
teen  that  unless  the  coloring  used  is  absolutely  a  violent  poison  it  can  ha^e  abso- 
lutely no  effect  on  the  consumer  who  takes  it  in  an  8-ounce  glass,  and  who  could 
not  possibly  consume  half  a  gallon  or  a  gallon  of  that  product  (p.  119). 

15.  On  this  basis  1,000  pounds  of  butter  would  contain  420  grains  of  aniline  color 
(p.  183). 

16.  One  ounce  of  color  to  30  pounds  colored  food  (p.  135). 

THE  NUMBER  OF  DIFFERENT  COAL-TAR  COLORS  REQUIRED. 

17.  And  if  I  were  on  this  committee  I  would  advocate  taking  out  two  or  three 
dyestuffs  which  beyond  any  shadow  of  doubt  are  hannless,  and  which  have  been 
experimented  upon,  and  which  would  be  sufficient  for  all  the  purposes  of  the  industry 
*  »  *  none  of  these  colors  are  patented,  anybody  can  manufacture  them  (pp. 
147, 148). 

97291**— Bull.  147—12 4 
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18.  You  have  been  told  that  the  food  commiasion  of  the  State  of  PennsylYania  is 
going  to  rule  that  seven  colore  shall  be  allowed  in  the  State  of  Pennsylvania.  That 
is  not  enough,  because  it  is  not  possible  to  reproduce  all  of  the  required  shades  with 
those  colors  unless  you  take  the  seven  primary  colors,  when  you  can  reproduce  any 
colors.  But  it  is  absolutely  necessary  to  have  about  three  yellows  to  meet  the  require- 
ments of  the  trade.  Some  of  the  articles  that  are  put  out  have  an  oiganic  acid  nature, 
and  the  anilines  will  stand  that.  *  *  *  On  that  account  the  character  of  the 
food  product  must  be  taken  into  account  in  the  use  of  the  color,  and  the  confectioners 
have  about  30  colors  that  I  know  positively  of    *    *    *    (p.  160). 

19.  We  recommend  that  *  *  *  cluysoidine,  tropaeoline,  azoflavine,  roceUine, 
ponceau,  Bordeaux,  Biebrich  red,  sulphonated  fuchsin,  naphthol  yellow  S  be 
allowed    ♦    ♦    *    (p.  226). 

MANUFACTURINO  BEQUIBBMBNT8  WHICH  COAL-TAB  COLORS  MUST  PULFIL. 

20.  Coal-tar  colors,  as  everybody  knows,  are  much  stronger  and  are  m(H«  soluble 
and  are  not  acted  on  by  acids.  *  *  *  Almost  all  the  v^etable  colors  either  fade 
out  or  change  on  account  of  the  citric  acid  in  the  syrup  or  food,  or  form  in  a  little 
while  a  precipitation  which  renders  the  goods  unsalable  (p.  119). 

21.  There  are  many  of  these  colors  (coal-tar  colors)  that  will  not  stand  the  natural 
acids  produced  in  manufacturing  foods.  For  instance,  in  making  confectionery,  in 
boiling  candy  you  make  a  certain  grade  of  candy  where  the  mixture  is  boiled  to 
230^.  A  certain  color  will  stand  that  temperature.  Then  you  take  another  candy 
and  that  is  boiled  to  320®  or  340**  F.,  and  the  colors  that  will  stand  230**  will  in  many 
cases  not  stand  the  temperature  of  340®,  while  another  class  of  colors  will  stand  that 
temperature.  So  you  have  got  to  distinguish  and  get  a  color  that  will  stand  these 
difficult  requirements  (pp.  159,  160). 

GUARANTEES  AND  GOVERNMENT  CONTROL. 

22.  Only  such  colors  as  are  guaranteed  to  be  harmless  by  reliable  manufacturers 
should  be  used  in  the  manufacture  of  confectionery  (p.  555). 

23.  We  recommend  *  ♦  *  that  the  Government  procure  samples  of  such  colon 
from  time  to  time,  wherever  they  have  jurisdiction  so  to  do,  and  if  such  colors  be  not 
legal  for  such  purposes  imder  the  food  law,  that  the  same  be  prosecuted  and  driven 
off  the  market  in  so  ^  as  the  Government  has  the  power  to  do  so;  and  if  no  means 
can  be  devised  to  compel  such  labeling  of  colors  intended  for  food  purposes,  then 
that  the  Government  procure  such  evidence  as  possible  as  to  the  purpose  for  which 
a  color  is  intended  to  be  used,  and  if  such  evidence  shows  a  food  purpose,  that  such 
color  be  prosecuted  if  illegal  under  the  food  law  (pp.  555,  555  a). 

24.  See  page  13. 

25.  The  chemical  test  is  the  first,  and  that  might  throw  out  a  color  on  account  oi 
its  containing  a  little  tin  or  zinc,  or  some  substance  foreign  to  the  food  product. 
Whether  that  is  deleterious  in  the  quantity  in  which  it  is  present  or  not  is  immaterial 
(p.  160). 

26.  In  a  brief  filed  the  following  suggestions  were  made: 

It  must  be  stated  that  all  the  chemist  can  determine  is  whether  or  not  the  colors 
contain  some  impurities  that  arelmown  to  be  of  poisonous  nature.  Aniline  colors  are 
or  can  be  made  entirely  free  of  such  impurities,  and  with  this  fact  established  the  task 
with  the  chemist  is  exhausted.  When  it  comes  to  decide  the  question  whether  or  not 
a  color  by  itself,  when  free  of  all  impurities,  is  injurious  to  health  or  not,  then  the 
chemist  is  not  the  proper  authority;  it  is  for  the  physiologist  and  for  the  medical  pro- 
fession to  pass  on  such  questiona.  Chemical  theories  go  for  nothing  in  deciding  such 
questions.  It  would  not  even  do  to  classify  colors  or  other  substances  according  to 
their  makeup,  as  it  has  been  ehown  again  and  again  that  substances  belonging  to  the 
same  chemical  class  are  entirely  different  in  regard  to  the  physiological  conducts 
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Reliable  infonnation  on  this  subject  can  be  gained  only  by  physiological  experiment, 
as  we  can  not  say  definitely  whether  a  substance,  color  or  any  other,  is  injurious  or 
not  without  finding  out  for  every  substance  by  experiment.  Tliis  has  been  done  for  a 
considerable  number  of  aniline  colors,  and  these  experiments  are  the  only  things  that 
deserve  any  attention.  Everything  else  is  idle  talk.  *  *  *  There  are  a  very 
large  number  of  aniline  colors  tJiat  have  not  been  treated  yet,  and  we  are  safe  in  saying 
that  among  these  will  be  also  some  harmless  and  others  injurious.  As  they  have  not 
been  experimentally  tested,  we  do  not  know  which  are  harmless  and  which  are  not; 
It  will  therefore  be  clear  that  a  law  forbidding  the  indiscriminate  use  of  aniline  color 
ior  the  purpose  of  coloring  articles  of  food  is  necessary  and  useful. 

But  if  the  meaning  of  the  law  is  to  prevent  only  the  use  of  injurious  colors,  as  it 
appears  to  be,  then  the  way  to  proceed  would  be  very  definitely  outlined.  Besides 
physiological  colors,  all  such  colors  should  be  forbidden  that  have  been  found  to  be 
injurious  and  such  aniline  colors  as  have  not  been  tested  sufficiently.  There  will 
then  be  left  over  a  number  of  aniline  colors  which  have  been  proven  by  experiment 
to  be  entirely  harmless,  even  if  taken  in  large  doses. 

The  experimenters  were  quite  impartial.  They  had  no  preconceived  ideas,  but 
started  simply  to  find  out  the  true  state  of  affairs.  Their  reports  are  therefore  very 
reliable,  and  it  will  not  do  to  overlook  or  to  ignore  them.  The  colors  that  they  found 
harmless  can  be  considered  perfectly  safe,  so  much  the  more  as  the  doses  conveniently 
taken  with  food  would  be  much  smaller  than  the  doses  that  have  proven  to  be  harm- 
less. These  harmless  aniline  colors  carry  all  the  shades  wanted  in  the  food  industry. 
The  law  should  provide  that  one  of  these  colors  (or  mixtures  of  these)  must  be  used 
when  a  food  article  is  being  colored,  because  these  few  aniline  colors  are  the  only 
colors  that  can  be  considered  perfectly  safe  as  far  as  our  present  knowledge  goes. 
Nothing  should  be  left  to  guesswork  or  experimenting,  as  is  the  case  just  now.  The 
colors  that  are  permitted  should  be  enimierated  by  their  scientific  as  well  as  by  their 
commercial  names,  and  only  such  colors  should  be  listed  as  permissible  for  coloring 
food  products  as  have  been  proven  to  be  harmless,  even  in  laige  doses.  Provision 
should  be  made  to  insure  the  purity  of  the  colors  sold  for  coloring  food;  the  manner 
of  packing  such  colors  and  the  labeling  of  same  should  be  laid  down  clearly,  and  all 
colors  now  listed,  aniline  as  well  as  physiological  colors,  should  be  strictly  forbidden. 
If  the  problem  is  viewed  without  preoccupation  and  prejudice,  the  facts  given  above 
will  speak  for  themselves. 

Vm.  INVESTIGATIONS,  OTHEB  THAN  ON  ANIMALS,  BEABING  ON 
TBE  EABHFIJLNESS  OF  COAL-TAB  COLOBS. 

PFEFFBB. 

Pfeflfer,  writing  on  the  Absorption  of  Anilin  Colors  by  Living 
Cellsy  summarizes  his  results  as  follows: 

The  relatively  little  poisonous  Methylene  Blue  does  damage  protoplasm  in  a  solution 
of  0.001  per  cent. 

Methyl  Violet:  This  coloring  matter  is  not  only  stored  up  in  the  juices  of  the  cell, 
but  is  idso  able  to  color  the  living  protoplasm,  and  care  is  necessary,  on  account  of  the 
poisonous  nature  of  the  Methyl  Violet,  to  prevent  damage;  these  cautions  are  based 
upon  solutions  of  0.0003  to  0.00001  per  cent  strength. 

Methyl  Violet  less  poisonous  than  Cyanm. 

Bismarck  Brown  about  as  poisonous  as  Methylene  Blue. 

Fuchsin  as  poisonous  as  Methylene  Blue. 

Safranin  as  poisonous  as  Methylene  Blue. 

Methyl  Orange  is  poisonous  only  to  a  slight  degree. 

Tropaeolin  000,  Tropseolin  00,  and  Eosolic  Acid  are  not  poisonous. 
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Methylene  Green  as  poisonous  as  Methyl  Violet. 

Nigrosin  as  poisonous  as  Methyl  Violet. 

Eosin  (Tetraiodo  fluorescein)  kills  in  0.1  per  cent  solution,  but  lets  live  24  hours  in 
0.01  per  cent  solution.  (  Untermchungen  aus  dem  BotanMien  Institut  zu  Txubingenf 
188&-^8,  vol.  f,  pp.  179-SSl.) 

WINOGBADOW. 

Winogradow  reports  on  the  influence  of  certain  coal-tar  colors  on 
digestion,  which  experiments  were  carried  out  in  glass.  The  con- 
clusions arrived  at  are  as  follows:* 

The  twelve  colors,  Safranin  (5845,  Azo  Fuchsin  G.  (93),  Coenilein  S.  (527),  Jodeosin 
(516),  Magdala  Red  (614),  Benzopurpurin  (277,  278,  279,  307),  Ponceau  2R  (55), 
Orange  II  (86),  Phloxin  RBN  (?),  Chrysanilin  (532),  Azoflavin  (92),  and  Cerise 
(mixture  of  448  and  532),  even  in  amounts  of  a  few  milligrams,  which  in  relation  to 
the  digestive  fluid  make  up  only  a  few  tenths  or  himdredths  of  a  per  cent,  exercise  a 
strongly  retarding,  almost  completely  inhibitive,  action  upon  the  peptic  digestion  of 
albumen. 

The  thirteen  colors,  Chinolin  Yellow  (667),  Acid  Green  (434,  435),  Azo  Acid  Yellow 
(92),  Naphthol  Yellow  (4),  Primulin  (659),  Anilin  Orange  (87),  Metanil  Yellow  (95), 
Methylene  Green  (651),  lodin  Green  (459),  Yellow  T  (84),  Anilin  Green  (?) 
Aluramin  0  (425),  and  Martins  Yellow  (3),  retard  the  digestive  action  noticeably, 
although  to  a  slighter  degree  than  the  first  12  qolors;  in  any  event  they  are  not  indif- 
ferent.   {ZU.  Nahr.  Oenussm.,  1903^  v.  6,  p,  589.) 

HEIDBNHAIN. 

Heidenhain,  in  his  book  entitled  "Ueber  chemische  Umsetzungen 
zwischen  Eiweisskorpem  und  Anilinfarben''  (Bonn,  Germany,  1902), 
reports  on  the  behavior  of  70  different  coal-tar  colors,  3  intermediate 
products,  and  4  raw  materials  toward  yarioiis  albuminoids  such  as 
serumalbumen,  albumen,  and  casein. 

Of  these  70  colors,  21  have  been  investigated  physiologically,  and 
the  results  embodied  in  this  report;  and  of  these  21,  17  were  on  the 
United  States  market  as  food  colors  and  4  were  not  on  this  market. 

Limiting  the  attention  to  the  17  that  were  offered,  4  of  them  are 
among  the  7  permitted  colors  of  Food  Inspection  Decision  76. 

In  the  cases  where  albumen  and  casein  were  used,  they  were 
employed  in  0.6,  0.1,  0.02,  0.01,  and  0.005  per  cent  solutions,  acidified 
with  acetic  acid;  the  coloring  matter  was  employed  in  a  1  per  cent 
solution  in  the  first  strength,  in  0.1  per  cent  solution  in  the  second 
and  third  strengths,  and  in  a  0.02  per  cent  solution  in  the  fourth  and 
fifth  strengths,  and  one  volume  of  coloring-matter  solution  was 
brought  in  contact  with  five  volumes  of  albuminoid  solution. 

The  following  colors  precipitated  the  albiuninoid  in  all  the  strengths. 
The  numbers  in  parentheses  indicate  the  Green  Table  numbers; 

I  It  is  not  always  possible  to  identify  the  trade  names  given  by  Winogradow  with  spedflc  namben  in 
the  Green  Tables;  the  nmnbers  in  parentheses  after  the  name  indicate  the  number  in  the  Qreen  Tables 
wherever  that  identification  oould  be  made  with  any  reasonable  oertainty;  wherever  two  or  more  nmnben 
appear,  the  context  indicates  that  the  name  mi^t  apply  to  any  one  or  all  of  them. 
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the  numbers  in  italics  are  those  of  the  permitted  list  of  Food  Inspec- 
tion Decision  76:  (55)  Ponceau  2  R,  (65)  Fast  RedB,  (434)  Light 
Green  SF  bluish,  (66)  Ponceau  3  R,  and  (106)  New  Coccin. 

The  following  precipitated  in  all  but  the  fifth  strength:  (107) 
Amaranth. 

The  following  precipitated  only  the  first  three  strengths:  (14) 
Orange  G  and  (85)  Orange  I. 

The  foUowing  precipitated  only  the  first  two  strengths:  (462)  Acid 
Magenta. 

For  the  basic  colors  the  method  of  testing  was  different  from  that 
described  for  the  acid  colors  and  the  amounts  employed  were  not  so 
definitely  set  forth.  A  1  per  cent  solution  of  serum  albuminoid  was 
employed;  the  solution  of  coloring  matter  used  varied  in  strength 
from  0.5  to  1  per  cent  (6),  a  "very  dilute  solution''  (a)  being  also 
employed.  The  annotations  given  by  the  author  (p.  1 14)  are  herewith 
reproduced  in  full : 

(17)  ChryBoidin  Y.  (a)  In  a  very  dilute  solution  the  yellow  base  is  at  once  liber- 
ated, and  when  sufficient  color  is  added  albumen  precipitation  takes  place.  No  color 
change  on  heating.  (6)  Turns  yellow  at  once.  Further  additional  color  produces  a 
brown  and  albumen  precipitation. 

(201)  Manchester  Brown,  (a)  Becomes  yellow  at  once,  due  to  separation  of  the 
free  base.  On  heating  no  change.  (6)  Becomes  a  discolored  brown,  and  produces  a 
nice  brown  albumen  precipitate. 

(425)  Auramin  0.    (a)  No  change.    (6)  Precipitates  albumen  strongly. 

(427)  Malachite  Green.  (The  oxalate  of  the  color  was  used.)  (a)  Color  changes 
from  a  blue-green  to  a  more  pure  green.  (6)  Cold,  no  precipitation  of  albumen; 
heated,  sudden  precipitation  of  albumen. 

(428)  Brilliant  Green.  (A  sulphate  of  the  color  was  used.)  (a)  Becomes  milky. 
(6)  Immediate  precipitation  of  albumen. 

(448)  Magenta.  (Acetate  and  nitrate  were  used,  and  in  both  acted  the  same.)  (a) 
Color  changes  from  yellowish-red  to  rose-red.  (6)  Albumen  precipitation  abundant, 
even  in  the  cold. 

(451)  Crystal  Violet,  (a)  The  color  loses  its  reddish  cast  and  changes  to  pure  blue. 
(6)  Albumen  precipitated  by  the  use  of  much  color. 

(4)  Naphthol  Yellow  S  was  tested  as  the  free-color  acid  and  not  as  the  sodium  or  potas- 
sium salt,  which  is  its  commercial  form.  It  precipitated  the  albuminoid  from  the 
following  solutions:  1.  1  per  cent  serum  albumen  in  water.  2.  0.5  per  cent  serum 
albumen  in  10  per  cent  acetic  acid.  3.  Casein,  0.5  per  cent  in  10  per  cent  acetic  acid. 
4,  Serum  albumen;  5,  Casein;  6,  Nuclein,  all  in  0.5  per  cent  solution  in  0.2  per  cent 
sodium  hydroxid.    7.  Nucleinic  acid  in  0.5  per  cent  water  solution. 

The  relationship  between  the  amounts  of  color-acid  and  albuminoid 
solution  here  used  does  not  appear  definitely  in  the  book. 

Having  reference  now  to  the  literature  and  the  physiological 
action,  as  compiled  herein,  it  will  be  observed  that  the  ability  to  pre- 
cipitate albiunen,  or  not  to  precipitate  it,  under  the  conditions  of 
Heidenhain,  appears  not  to  have  any  direct  connection  with  the 
results  obtained  by  actual  physiological  test  on  animals  or  man. 
For  instance,  among  the  five  tliat  precipitated  all  five  strengths  of 
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albiunen  and  casein.  No.  65,  Fast  Red  B,  of  the  Green  Tables,  has 
been  found  to  be  not  harmful  by  tests  actually  described;  No.  56, 
Ponceau  3  R,  belongs  U'  a  class  of  colors  generically  permitted  by  the 
law  of  Austria;  Nos.  55,  Ponceau  2  R,  and  106,  New  Coccine,  have 
been  reported  on  both  favorably  and  unfavorably  by  different  experi- 
menters; No.  434,  Light  Green  SF  bluish  on  physiological  examina- 
tion has  been  described  as  suspicious. 

From  this  it  appears  that  two  colors,  physiologically  probably 
harmless,  precipitated  all  the  five  strengths  of  albumen,  and  three 
colors,  which  are  perhaps  no  more  than  suspicious,  likewise  precipi- 
tated all  five  strengths  of  albumen. 

No.  107f  Amaranth,  which  has  been  examined  with  favorable 
results  by  two  different  experimenters,  precipitates  four  out  of  the 
five  strengths. 

Of  the  two  colors  precipitating  the  first  three  strengths,  both  have 
been  examined  physiologically  with  favorable  results,  namely,  Nos. 
14,  Orange  G,  and  85,  Orange  I. 

The  color  which  precipitated  only  the  first  two  strengths,  namely, 
No.  462,  Acid  Magenta,  has  likewise  been  examined  physiologically, 
and  the  reports  are  favorable. 

Thus  it  would  seem  that  there  is  no  definite  connection  between  the 
physiological  action  and  the  abihty  to  precipitate  albumen  from 
acetic  acid  solution  in  the  case  of  acid  colors. 

In  the  case  of  basic  colors  the  situation  seems  to  be  somewhat 
different. 

OTHEB  AXTTHOBS. 

Rosenstiehl  (Fifth  International  Congress  of  Applied  Chemistry, 
Vol.  Ill,  p.  700)  states  that  when  the  color  is  present  in  an  excess, 
yeast  absorbs  8  per  cent  of  Magenta  (448)  and  6  per  cent  of  Malachite 
Green  (427,  428).  The  Acridins  (528-538),  the  Thionins  (649-657), 
the  Safranins  (583,  584),  and  the  Rosanilins  (447-448)  dye  yeast  the 
best;  solutions  containing  3  per  cent  by  weight  of  the  dry. weight  of 
the  yeast  are  completely  decolorized  by  such  yeast  and  at  ordinary 
temperatures.  The  Eosins  and  Phthaleins  dye  the  yeast  only  incom- 
pletely, whereas  Azo  dyes  (7-393)  (with  the  exception  of  Benzo  Pup- 
purin,  277, 278,  279,  309)  do  not  dye  yeast  at  all.  Such  dyed  yeast, 
however,  is  not  dead;  it  has  merely  lost  its  power  to  cause  fermenta- 
tion. The  numbers  in  parentheses  are  the  corresponding  numbers  in 
the  Green  Tables  as  nearly  as  they  could  be  identified. 

Bokomy  {Chem.  Ztg.,  1906,  v.  SO,  p.  217)  examined  Magenta  (448), 
Safranin  (584),  Victoria  Blue  (487,  488  or  490),  Methylene  Blue  (650), 
and  Alizarin  Blue  (562  or  563)  (the  numbers  in  parentheses  are  the 
probable  Green  Table  numbers)  as  to  their  effect  on  micro-organisms 
such  as  yeast  cells,  infusoria,  and  the  like,  and  found  that  these  dyes 
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in  a  concentration  of  1:100,000  killed  them,  whereas  strychnin 
nitrate  in  the  same  concentration  is  substantially  without  effect. 
Death  is  caused  by  absorption  of  the  dye  by  the  albumen  of  the 
protoplasm.  The  dyes  seem  to  be  absorbed  not  only  by  living  albu- 
men, but  also  by  living  nerve  cells  and  fibers.  Pure  anilin  or  coal- 
tar  colors,  however,  are  not  poisonous  in  the  ordinary  meaning  of  the 
words,  that  is,  humans  are  not  likely  to  be  easily  injured  by  them. 

Houghton  (/.  Amer.  Chem.  8oc,,  1907,  v.  £9,  pp.  ISSl-lSS?)  shows 
that  Bismarck  Brown  (197/201)  and  Crocem  Scarlet  (160?)  lunder 
the  peptic  digestion  of  fibrin,  casein,  and  albumen. 

Stilling  (AnUinfarbstoffe  aU  Antiseptica,  1890,  v.  S,  pp.  65-^6)  states 
that  he  foxmd  the  animal  cells  to  be  affected  by  pure  coal-tar  colors 
in  the  same  way  that  vegetable  cells  were  affected. 

Penzoldt,  based  upon  the  experimental  work  of  Beckh  {Archiv. 

Exp.  Path.  Pharmdk.  1890,  v.  26,  y.  SIO),  reports  as  follows: 

Of  the  15  dyee— 

Green  Table 
Name.  number. 

1.  Malachite  Green 427 

2.  Hohnan's  Violet  (methyl  variety) 450 

3.  Methyl  Violet 461 

4.  Roee  Bengal  (Erythroein) 617 

5.  PhenylBlue 480 

6.  Methylene  Blue 660 

7.  Fuchain 448 

8.  Coralline 484 

9.  Eoein 612 

10.  Methyl  Orange 87 

11.  Veeuvin 197 

12 .  Tropaeolin 88 

13.  ScarletRed (?) 

14.  Congo  Red 240 

15.  Indulin  Bulpho  acid 601 

tn  of  which  are  water  soluble  and  when  used  were  free  from  arsenic,  only  the  first  six 
in  saturated  solution  arrested  the  development  of  Staphylococua  pyogenes  aureus,  and 
of  these  six  all  but  the  Erythrosin  and  Methylene  Blue  arrested  the  growth  of  anthrax 
bacillus. 

Of  these  six  when  injected  into  rabbits  subcutaneously  the  following  produced  no 
changes  of  consequence:  Erythrosin  (250),  Phenyl  Blue  (100),  Methylene  Blue  (75). 
The  numbers  in  parentheses  show  the  number  of  milligrams  of  dye  per  kilo  body 
weight  of  the  rabbits. 

Methyl  Violet  (50)  produced  only  local  changes,  such  as  gangrene. 

Malachite  Green  (100)  and  Hofman's  Violet  (20)  produced  muscular  paralysis,  which 
in  the  case  of  Malachite  Green  resulted  fatally  on  the  ninth  day;  in  the  case  of  Hof- 
OQftn's  Violet  the  paralysis  was  complete  on  the  tenth  day. 

The  remaining  nine  colons  are  apparently  of  no  effect  upon  staphylococus  or  upon 
anthrax. 

H.  W.  Williams  {A  Marmd  of  Baderiology,  1906,  p.  200),  under 
'* Disinfectants  and  Oennicides/'  says: 

'^'uline  dyes.  Many  of  these  substances,  notably  pyoktanin  (Methyl  Violet),  pos- 
Mn  gennicidal  properties.    A  solution  of  1 :  5000  will  kill  the  anthrax  bacillus  in  two 
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houra.  A  much  stronger  solution,  1:150,  is  required  to  kill  the  typhoid  bacillus  in 
the  same  time.  Malachite  Green  is  said  to  possess  even  greater  germicidal  power  than 
pyoktanin.    Methylene  Blue  also  possesses  considerable  germicidal  power. 

DC.  comphatiov  xtvdeb  thb  gbebv  table  hukbebs  of  all 

nrFOSMATIOV  AVAILABLE  AS  TO  THE  SXTITABILITT  OF  COAL- 
TAB  COLOBS  FOB  FOOD. 

OENBBAI.  STATSICBNTS. 

Before  entering  upon  a  detailed  study  of  what  has  been  published 
for  and  against  specific  coal-tar  colors,  it  is  probably  well  to  consid^, 
for  whatever  they  may  be  worth,  some  of  the  general  statements  that 
have  been  made,  from  time  to  time,  in  the  Uterature  relative  to  coal- 
tar  colors,  considered  either  as  a  whole  or  as  subdivisions  or  classes 
thereof,  and  their  physiological  action  or  their  suitabiUty  for  use  in 
foods. 

1.  Schultz  (Die  Chemie  des  Steirikohlentheers,  Brunswick,  1887-1890 , 
Vol.  II J  p.  S5),  after  discussing  the  regulations  of  the  German  Empire 
in  respect  to  food  coloring,  says: 

With  respect  to  these  regulations  the  artificial  organic  coloring  matters  can  be 
regarded,  in  general,  as  harmless.  For  the  pmpoees  of  dyeing  magenta  made  by 
means  of  arsenic  acid,  further  picric  acid,  and  those  coloring  matters  which  occur  as 
oxalates  or  zinc  chlorid  double  salts,  such  as  Methylene  Blue  and  Bitter  Almond  Oil 
Green,  can  be  used .  The  use  of  the  substances  named  for  the  coloring  of  food  products 
is,  however,  suspicious  and  should  not  be  permitted. 

2.  Stilling  (AnUinfarbsioffe  als  AntiaepHca,  Sirassburg,  1890,  VoL 
II,  pp.  65-66)  says: 

In  view  of  the  &tct  that  the  most  innocent  substance,  such  as  distilled  water  or  com- 
mon salt,  when  introduced  in  large  quantities  into  the  organism  can  act  fatally,  the 
anilin  coloring  matters  therefore,  particularly  if  they  be  free  from  all  admixtures,  such 
as  arsenic,  copper,  and  chlorid  of  zinc,  are  to  be  regarded  as  wholly  nonpoisonous. 

All  experience  gathered  since  my  first  publication  has  likewise  fully  confirmed  this 
nonpoisonoiis  nature. 

3.  StilUng  (5er.  Klin.  Wochensch.  1890,  p.  6S1)  also  says: 

Proceeding  from  purely  theoretical  views,  and  based  upon  these  botanical  and 
physiological  experiments,  I  have  recommended  anilin  colors  as  antiseptics  for  the 
following  reasons: 

1.  They  are  to  be  designated  as  absolutely  nonpoisonous.  This  will  be  confirmed 
by  every  chemist  acquainted  with  the  relevant  details,  and  also  from  the  medical  side 
this  has  long  ago  been  determined  by  Grandhomme.  The  publications  of  this  author, 
who  made  extensive  observations  and  experiments  in  the  anilin  factory  of  Meister, 
Luciiis  &  Bruening,  appeared  in  the  beginning  of  the  eighties,  and  has  hardly  become 
known  in  medical  circles.  However,  I  was  first  made  acquainted  with  this  by  my 
colleague.  Prof.  Rose,  in  Strasburg. 

2.  That  it  is  possible  to  bring  about  death  in  experimental  animals  by  introducing 
large  amounts  of  the  coloring  matter  into  the  peritoneal  cavity  proves  nothing  against 
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the  nonpoisonous  nature  of  these  substances .  This  action  is  to  be  regarded  as  a  purely 
mechanical  one,  a  view  which  I  will  thoroughly  confirm  in  my  second  communication. 
With  respect  to  the  anilin  colors  not  soluble  in  water,  Ehrlich  long  before  me,  in  his 
excellent  publication  on  the  oxygen  requirements  of  the  oiganism,  has  arrived  at  this 
view,  and  has  excellently  described  it  as  merely  a  penetration  of  the  oigans. 

4.  Lehmann  (Meihoden  der  Prdktischen  Hygieney  Wiesbaden,  1890^ 
p.  643)  sfLjs: 

The  hygienic  significance  of  coal-tar  colors  has  heretofore  been  judged  quite  vari- 
ously. When  the  intensely  poisonous  nature  of  the  first  impure  and  particularly 
arsenic-containing  coloring  matters  became  known  the  inclination  was  to  judge  the 
coal-tar  coloring  matters  very  strictly;  when  it  was  subsequently  recognized  that 
the  contaminations  were  largely  the  cause  of  the  harmfulness  to  health,  there  followed 
a  period  in  which  no  poisonous  coal-tar  coloring  matter  was  known  in  any  pure  con- 
dition. (Eulenbeig  &  Vohl,  1870.)  More  recent  investigations,  however,  have 
disclosed  a  series  of  coal-tar  coloring  matters  which,  as  a  matter  of  &tct,  possess  a  con- 
siderable poisonous  action,  and  already  cases,  although  not  numerous,  have  become 
known  in  which  serious  and  even  fatal  poisonings  by  means  of  pure  coal-tar  colors 
have  arisen.  Alongside  of  this  there  still  continue  to  exist  the  possibilities  described 
by  Eulenberg  and  Vohl  (Viertel-Jahressch.  fftr  Gerichtliche  Mediz,  1870),  whereby 
harmless  coloring  matters  become  harmful;  but  the  realization  of  these  possi- 
bilities has  become  essentially  more  seldom  through  improvements  and  changes  in 
manu^ture. 

5.  Stilling  {Arch.  Exper.  Pathol.  PharmaJc.,  1891,  v.  28,  p.  S52),  in 
speaking  of  the  anilin  colors  as  antiseptics,  says: 

It  is  the  nonpoisonous  nature  of  these  substances,  their  easy  solubility  and  dif- 
fufiibility,  and  above  aU  their  inability  to  coagulate  albumen  which  lends  them  their 
importance,  which  now  can  be  only  difficultly  denied. 

Note. — ^The  work  of  Heidenhain  abstracted  in  Section  VIII  does 
not  fully  bear  out  this  article. 

6.  Erdmann  {Pharm.  CerUralh.,  1892,  v.  33,  p.  357)  says: 

The  sulphonated  as  well  as  the  carboxylated  coal-tar  dyes  will  not  have  any  pro- 
nounced actbn  on  the  organism.  Acid  dyes  may  therefore  be  regarded  in  general 
as  nonpoisonoiis,  whereas  in  the  case  of  basic  dyes  a  physiological  examination  is  to  be 
recommended  before  they  are  permitted  to  be  applied  to  articles  in  daily  use  or 
indeed  to  be  used  in  food  or  drink. 

Note. — Out  of  the  80  different  dyes  on  the  food-color  market  in 
the  summer  of  1907  whose  composition  was  avowed,  15  were  basic 
and  65  were  acid. 

7.  Tschirch  expressed  himself  as  follows: 

1.  The  coal-tar  colors,  and  in  a  narrower  sense  the  anilin  colors,  are  no  longer 
harmful  on  account  of  their  arsenic  content,  since  at  the  present  time  the  great  majority 
of  them  are  prepared  free  from  arsenic. 

2.  Some  colors  have  shown  themselves  to  be  harmful  to  the  system. 

3.  Coal-tar  colors,  in  general,  should  therefore  be  permitted  for  the  coloring  of  foods, 
but  those  that  have  been  foimd  to  be  harmful  should  be  expressly  and  specifically 
forbidden. 
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4.  The  amount  of  coloring  matter  which  has  been  determined  quantitatively  in 
bonbons  and  liqueurs  is  so  small  that  even  the  ones  regarded  as  poisonous  would  not 
be  able  to  develop  their  harmful  e£fects.  (Zto.  Nakn.  Unten.  Hygiene  Waarenl., 
189S,  V,  7,  p.  S38.) 

8.  Geoi^evics  (Jjehrhuch  der  Farhenchemie,  Lei^pzigj  1896  p.  10) 
says  under  ^Toisonous  nature  of  the  coloring  matters:'' 

It  is  a  little  known  &ict  that  of  the  very  laige  number  of  oiganic  coloring  matters 
only  a  few  have  been  foimd  to  be  poisonous;  these  are  Picric  Acid,  Victoria  Orange 
(Saffron-surrogate),  Auiantia,  Metanil  Yellow,  Orange  II,  and  Safranin.  The  preju- 
dice which  is  still  quite  widely  accepted  that  most  of  the  artificial  coloring  matters 
are  poisonous  dates  from  the  early  periods  of  anilin-color  manufacture,  at  which  time 
magenta  and  the  coloring  matters  made  from  it  occurred  in  commerce  hig^y  con- 
taminated with  arsenic.  At  present,  however,  these  coloring  matters  are  prepared 
absolutely  free  from  arsenic,  and  are,  as  such,  nonpoisonous.  A  few  coloring  mat^ 
ters  which  occur  commercially  as  zinc  chlorid  double  salts,  such  as  Methylene  Blue 
and  Malachite  Green,  may  be  harmful  in  consequence  of  their  zinc  content,  and 
should  therefore  never  be  employed  in  the  coloring  of  food  products.  ♦  *  ♦  In 
consequence  of  their  physiologic^  activity  some  coloring  matters  are  employed  as 
medicines,  indeed  principally  Methyl  Violet,  Auiamin  and  Methylene  Blue.  The 
fiiist  two,  known  as  blue  and  yellow  Pyoctanin  (pus-destroying)  are,  owing  to  their 
great  antiseptic  action  and  diffusibility,  valuable  medicines;  on  account  of  the 
unpleasant  coloring  effect  accompanying  them  they  are  but  little  used.  Methyl 
Violet  was  first  recommended  as  an  antibacterial  remedy  in  diseases  of  the  eye  by 
Stilling;  subsequently  it  has  been  employed  in  other  special  cases;  its  principal 
use,  however,  is  in  suigery  for  the  prevention  of  malignant  proud  flesh. 

The  use  of  Auramin  is  entirely  analogous. 

Methylene  Blue  (as  a  free  base)  is  used  principally  as  an  analgesic  (pain-relieving 
remedy)  and  is  given  internally;  on  account  of  its  ability  rapidly  to  diffuse  through 
the  tissues  of  the  nervous  system;  it  can  also  be  introduced  by  injection.  It  is  used 
as  a  remedy  against  malaria,  carcinoma,  Bright's  disease,  etc. 

The  following  have  been  tested  as  remedies  or  as  antiseptics:  Safranin,  Lydin 
(Mauvein),  Vesuvin,  Anilin  Blue,  Carbolic  Magenta,  Alizarin  Yellow  C  (Gallaceto- 
phenone),  etc.  The  potassiiun  salt  of  DinitnM)rtho-cresol  was  brought  into  com- 
merce by  the  Farben&briken  vorm.  Friedr.  Bayer  d  Co.,  under  the  name  of  Anti- 
nonnin,  and  has  given  excellent  results  as  a  means  against  formation  of  mold  in 
cellars  and  against  wood  fungi. 

9.  Weyl  (Handbuch  der  Hygiene,  1896,  p.  S78)  says: 

A  few  organic  coloring  matters,  but  only  a  very  few,  possess  poisonous  properties. 
A  rule  by  means  of  which  the  poisonous  or  nonpoisonous  nature  of  organic  coloring 
materials  can  be  determined  without  experiment  is  imknown  even  for  those  coloring 
matters  whose  constitution  has  been  determined  and  experiments  on  the  poisonous 
nature  of  organic  coloring  matters  are  very  few  in  number. 

10.  Lewin  (Lehrbuch  der  Toxicologie,  1897,  p.  2S0)  says: 

In  the  use  of  various  faibrics  or  of  foodstuffs,  which  are  colored  with  anilin  or 
coal-tar  colors,  or  in  commercial  contact  with  such  colors,  local  and  general  symptoms 
of  poisoning,  such  as  eczema,  swelling  of  the  &ice,  vomiting,  diarrhea,  ansestheda, 
paresis,  etc.,  have  been  observed.  These  are  generally  due  to  the  toxic  nature  of 
the  coloring  matters,  frequently  to  harmful  ingredients  of  the  same,  and  hardly  ever 
to  poisonous  mordants.  Many  workmen  in  anilin  factories  show  permanent  spots; 
for  example,  on  the  cornea  and  conjimctiva,  head,  chest,  &ce,  and  neck,  wi^out 
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any  interference  with  their  general  condition.  Local  changes  of  more  serious  nature 
have  more  frequently  been  observed  in  the  mucous  membranes  and  on  the  skin. 
Thus,  in  one  case,  a  camel's-hair  pencil,  soaked  with  anilin  color,  accidently  entered 
the  eye,  and  at  first  nothing  was  noticed  but  a  violet  blue  coloration,  later  infiamma- 
ion  and  chemosis  took  place.  I  have  observed  local  swelling  and  indurations  of  the 
skin,  particularly  on  the  cheeks,  in  the  case  of  children  after  they  had  worn  caps 
colored  with  anilin  dye. 

11.  Winton  {Cormecticut  Agric.  Exper.  Sta.  Report j  1901,  p.  181) 
says: 

Althou^  there  is  evidence  that  most  of  the  coal-tar  dyes  are  not  injurious  to  some 
of  the  lower  animals,  it  is  not  safe  to  assume  that  they  are  entirely  harmless  to  human 
beings.  The  dog,  an  animal  used  in  most  of  WeyPs  experiments,  has  a  proverbially 
strong  stomach,  and  eats  with  no  apparent  discomfort  many  things  which  would 
disturb  the  digestion  of  a  man. 

12.  Chlopin,  in  his  book  published  in  1903  (see  p.  75),  states  as 
follows: 

(Page  114.)  ♦  ♦  *  All  the  dyes  examined  by  me  I  divided  into  three  categories: 
Dyes  which  caused  striking  general  symptoms  of  poisoning  and  led  to  the  death  of 
the  animal,  or  would  have  led  to  it  if  the  experiments  were  not  purposely  discon- 
tinued, I  designate  by  the  term  poisonous;  dyes  which  induced  some  separate  and 
temporary  symptoms  of  disease,  for  instance,  vomiting,  diarrhea,  separation  of  albu- 
men in  the  urine,  the  general  condition  remaining  normal,  I  designate  as  suspicious; 
lastly,  the  dyes  which  caused  no  apparent  disturbance  during  the  experiments  are 
designated  by  the  term  nonpoisonous.  I  purposely  do  not  call  the  last  category 
harmless,  because  by  oiur  experiments  the  question  could  not  be  decided  negatively 
as  to  whether  the  nonpoisonous  dyes  did  not  cause  some  finer  pathological  changes  in 
the  organism  and  functions  which  could  not  be  detected  by  simple  observation. 

(Pages  ftl9-t21.)  Thus,  according  to  all  the  investigators  quoted,  there  were  foxmd 
altogether  22  poisonous  and  harmful  dyes,  out  of  about  60  dyes  examined;  which 
makes  36.7  per  cent  of  poisonous  and  harmful  dyes  among  those  examined. 

My  investigations  gave  30  per  cent  of  poisonous  and  40  per  cent  of  suspicious  dyes. 

The  percentages  above  given  have  a  fairly  well  established  basis,  since  they  were 
obtained  by  the  examination  of  100  dyes,  which  is  about  one-fifth  of  all  the  dyes  in 
commerce.  Further,  considering  the  distribution  of  the  poisonous  and  harmful  dyes 
according  to  various  chemical  groups,  we  find  that  they  occur  in  12  of  the  18  groups, 
and  we  can  not  note  any  regularity  in  this  distribution;  it  is  impossible  to  say  that 
there  is  any  definite  connection  between  the  fact  that  the  dye  belongs  to  a  certain 
chemical  group  and  its  action  on  the  animal  organism.  Usually  among  the  dyes  of 
one  and  the  same  group  there  are  some  harmful  ones,  but  there  are  also  some  harmless 
ones,  and  the  ones  and  the  others  have  very  similar  composition.  This  or  that  action 
of  the  dyes  on  the  animal  organism,  as  we  shall  presently  see,  is  determined  more  by 
the  delicate  difference  in  the  internal  structure  of  their  molecules  than  by  those 
<lifferencee  on  which  is  based,  at  the  present  time,  the  classification  of  the  aromatic 
dyes. 

On  the  basis  of  the  whole  experimental  material  on  hand — ^mine  and  that  of  other 
investigators— I  can  make  only  the  following  very  few  and  purely  empirical  generaliza- 
tions: 

1.  According  to  the  shade  produced,  the  poisonous  and  harmful  colors  are  distributed 
as  follows:  Most  of  all  poisonous  dyes  are  found  among  the  Yellows  and  the  Oranges; 
then  come  the  Blues,  then  the  Browns  and  the  Blacks;  there  are  very  few  harmful 
dyes  among  the  Violets  and  Greens;  among  the  Beds  was  found  only  one  suspicious 
('^i  and  no  poisonous  ones. 
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2.  The  moet  poisonoua  dyes  belong  to  the  Nitro,  Azo,  Triphenyl,  and  Tfai&zm 
groups,  and  also  to  the  Auramins. 

3.  A  whole  group  of  poisonous  and  harmful  dyes  is  formed  by  the  new  sulphid  dyes 
known  as  Vidal's  dyes. 

(Page  2£4.)  By  the  facts  and  observations  quoted  above  is  corroborated  the  opinion 
that  in  general  the  coal-tar  dyes,  according  to  the  composition  and  properties,  appear 
as  substances  foreign  to  the  animal  organism,  and  may  inf  uence  hmmfully  the  vital 
fimctions,  even  in  those  cases  when  they  do  not  possess  distinctly  poisonous  properties. 
For  this  reason  many  hygienists  make  it  a  principle  not  to  allow  the  coloring  of  food 
products  or  of  beverages  with  coal-tar  dyes,  independently  of  the  fact  whether  they 
prove  in  actual  experiments  on  animals  poisonous  or  not. 

We  must  therefore  agree  with  M.  Rudner  that  food  of  the  masses  require  the  most 
^-reaching  protection,  maintaining  them  free  from  foreign  additions. 

13.  Koenig  (Die  MenscMichen  Nahrungs-  und  GenussmiUel,  Berlin, 
1904,  Vol.  II  p.  J,62)  says: 

Even  though  the  majority  of  the  anilin  coloring  matters,  in  view  of  the  small 
amoimts  in  which  they  are  generally  employed,  can  not  be  regarded  as  directly  harm- 
ful to  health,  yet  the  objections  to  their  use  in  the  coloring  of  food  products  for  the 
purpose  of  substituting  or  strengthening  a  natural  color  lies  in  the  deception  c<hi- 
nected  therewith    ♦    *    ♦. 

14.  Fraenkel  {Arzneimittel'Synlhesey  Berlin,  1906,  p.  670)  says: 

It  is  clear  that  the  coloring  property  of  these  chemical  substances  stands  in  no 
relation  to  their  phyniological  actions,  but,  on  the  contrary,  the  physiologic^  actions 
depend  only  upon  the  general  structiure  of  these  substances,  and  therefore  upon  their 
membership  in  definite  chemical  groups. 

(Pages  574-5.)  We  see,  even  in  considering  this  group  of  substances,  that  they  do 
not  possess  any  specific  action,  but  they  are  capable  of  use,  preferably  by  external 
application,  as  antiseptic  materiab,  as  materials  which  in  their  action  stand  somewhere 
between  carbolic  acid  and  corrosive  sublimate,  and  whose  coloring  property,  in  conse- 
quence of  which  they  were  primarily  selected,  is  directly  a  hindrance  in  this  use, 
since  the  coloring  of  the  bandages  and  the  hands  of  the  operators  and  the  skin  of  the 
patients  certainly  can  not  be  regarded  as  a  pleasant  occurrence;  that  the  antiseptic 
action  stands  in  some  relationship  to  the  properties  of  the  substances  as  coloring  matter 
must  be  positively  contradicted.  It  depends  only  on  the  general  structure  of  the 
substance,  and  does  not  stand  in  any  direct  relation  to  the  chromophore  and  auxo- 
chrome  groups  of  the  substances,  but  more  closely  to  the  aromatic  nucleus.  Indeed, 
it  may  happen  that  an  auxochrome  group  diminishes  the  antiseptic  activity  of  such  a 
substance. 

Note. — The  dyes  referred  to  belong  to  the  Monazo,  Disazo, 
Triphenyl-methane,  Xanthin,  Azin,  and  Thiazin  classes. 

( Page  92.)  The  investigations  of  Ehrlic h  have  shown  that  basic  dyes  color  the  brain 
gray,  and,  moreover,  they  color  nerve  fiber  very  well,  and  are  therefore  to  be  regarded  as 
neurotropes.  The  dye  acids,  on  the  other  hand,  do  not  dye  nerve  fiber,  and  in  particu- 
lar the  substituted  sulphonic  acids  do  not  dye  tissue  at  all. 

15.  Meyer,  in  his  paper  on  *^A  preliminary  communication  on  the 
toxicity  of  some  aniline  dyestuffs''  (J.  Amer,  Chem.  Soc,  1907,  v.  29, 
p.  892),  says: 

( Page  89S .)  ' '  A  manufacturing  confectioner  of  this  city,  for  whom  I  made  examina- 
tion of  colors  used  by  Mm,  informs  me  that  a  yellow  color  sold  as  Auramin  has  such 
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hig^  tinctorial  power  that  1  ounce  will  color  2,000  pounds  of  candy  to  the  highest  yel- 
low tint  required  in  his  business.  It  is  obvious  that  the  toxicity  of  such  a  body  would 
have  to  be  very  high  to  render  it  harmful  in  such  use.''  Conclusions  of  this  kind  do 
not  take  into  account  the  possible  detrimental  action  ensuing  on  healthy  as  well  as 
diseased  persons  from  long-continued  use  of  small  quantities  of  foreign  substances. 

(Page  909.)  The  same  author  raises  objection  to  feeding  experiments  on  the  ground 
that  substances  are  thereby  introduced  greatly  in  excess  of  the  amounts  generally 
found  in  foods  and  that  the  ill  effects  ^'are  liable  to  be  due  to  the  excess  and  in  long- 
continued  experiments  due  to  a  cumulative  action  of  the  excess . '  *  Siurely  if  excessive 
amounts  have  a  cumulative  action,  small  amounts  may  also  finally  show  toxic  effects 
due  to  retention  and  accumulation  of  the  poison.  To  declare  a  substance  entirely 
innocuous  would  require  evidence  as  to  its  nontoxicity  both  to  normal  and  diseased 
persons  after  its  long-continued  administration  in  boUi  small  and  large  doses.  The 
most  extreme  contingencies  would  have  to  be  provided  for.  The  above  objections  to 
feeding  exi>eriments  are  therefore  not  valid.  It  is  hoped  that  a  study  of  the  effects 
on  metabolism  of  some  of  these  substances  will  help  to  further  elucidate  the  subject. 

He  summarizes  the  results  of  his  physiological  investigations  of 
seven  different  coal-tar  colors  as  follows: 

1.  Several  commercial  organic  dyestuffs  (Curcumin  S,  Tartrazin,  Naphthol  Red  S, 
Carmois  in  B,  Naphthol  Yellow  S,  (xold  Orange,  and  Ponceau  2  R)  were  studied  as 
to  their  general  effects  on  dogs  when  administered  in  varying  amounts  and  during 
fairly  long  periods  (two  weeks). 

2.  None  of  these  dyestufis  under  the  conditions  above  indicated  exhibited  any 
marked  degree  of  toxicity.  There  was  only  one  fatal  result,  which  may  have  been 
due  to  influence  independent  of  the  action  of  the  colorant. 

Similar  quotations  from  the  literature  could  be  added  to  the  fore- 
going, but  these  are  beyond  question  sufficient  to  show  that  a  wide 
divergence  of  opinion  as  to  the  harmless  or  harmful  nature  of  the 
coal-tar  colors  as  a  class  does  exist  among  scientific  men,  and  that  all 
those  above  quoted  agree  that  there  are  some  at  least  of  the  coal-tar 
colors  which  even  in  a  pure  state  may  be  harmful  to  human. health, 
and  that  the  question  of  actual  harmfulness  under  the  conditions 
of  actual  use  in  foods  and  the  consumption  of  foods  is  regarded  by 
some  as  being  properly  answered  in  the  negative  and  by  others  as 
being  properly  answered  in  the  affirmative.  The  question  of  amount 
of  color  employed  in  the  food  products  and  the  amounts  of  such  food 
normally  eaten  are  therefore  raised  by  some  as  the  deciding  factors. 

In  this  coimection  the  following  statement  from  page  49  of  the 
arguments  before  the  Committee  on  Patents  in  the  House  of  Repre- 
sentatives, April  8,  15,  16,  22,  29,  1908,  may  be  of  interest: 

*  *  *  It  should  be  remembered  that  after  a  new  chemical  has  been  discovered 
and  patented  it  requires  as  many  as  three  years  of  experiment  before  we  dare  offer  it 
in  this  country  as  a  medicine  for  hiunan  beings.  These  experiments  are  conducted 
abroad  before  we  receive  it  here.  It  is  first  tried  on  animals  and  gradually,  with  great 
caudan,  extended  to  human  beings  in  the  foreign  hospitals,  so  as  to  ascertain  its 
physiological  effects  quantitatively  upon  the  various  organs,  both  when  those  organs 
ire  in  the  healthy  state  and  when  they  are  affected  by  various  disorders    *    *    ♦. 
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A  search  of  the  literature  herein  compiled  fails  to  disclose  any  such 
searching  physiological  examination  of  any  of  the  coal-tar  colors 
recommended  for  use  by  human  beings  in  food  products,  as  is  asserted 
in  the  above  quotation  to  be  necessary  in  the  case  of  a  new  chemical 
intended  for  use  as  a  drug.  If  Fraenkel,  as  quoted  on  page  60,  is 
correct  in  his  statement  that  coal-tar  colors  act  physiologicaUy 
because  they  are  chemicals  and  not  because  they  are  coloring  matters, 
then  coal-tar  coloring  matters  prior  to  use  in  foods,  in  which  they  are 
used  by  the  young  and  the  old,  the  well  and  the  sick,  without  restric- 
tion and  without  supervision,  should  also  be  thoroughly  tested,  and 
very  few,  if  any,  coal-tar  colors  seem  to  have  been  examined  with 
the  thoroughness  set  forth  in  the  above  quotation.  That  uniformity 
and  purity  of  product  is  necessary  in  order  to  be  sure  that  the  chem- 
ical is  going  to  act  physiologically  in  the  same  way  every  time  is 
obvious.  According  to  Fraenkel,  what  is  true  of  a  chemical  is  just 
as  true  of  a  coal-tar  color,  and  if  uniformity  of  strength  and  cleanli- 
ness of  product  are  desirable  when  a  chemical  is  to  be  used  as  a  medi- 
cine, such  properties  are  equally  desirable  when  a  chemical  is  to  be 
used  as  an  ingredient  in  food. 

CLASSIFICATION  OF  OPINIONS  IN  LITEBATI7BB  AND  IN  LBGAL 
ENACTMENTS  SHOWING  CONDITION  OF  THE  ICABKET  IN  1907. 

The  literature  and  legal  enactments  hereinafter  grouped  under  the 
relevant  Green  Table  numbers  have  been  classified  as  (1)  unfavora- 
ble— ^i.  e.,  only  unfavorable  reports  found  in  the  literature;  (2)  favor- 
able, and  (3)  contradictory  reports,  as  each  case  required;  so  that 
under  each  Green  Table  entry  there  is  not  only  the  relevant  Uterature, 
but  also  the  character  assigned  to  it  for  the  purpose  of  coming  to  a 
conclusion  as  to  the  propriety  of  the  use  of  such  color  in  foods  as 
based  on  such  literature,  which  conclusion  formed  in  that  respect 
the  basis  for  Food  Inspection  Decisions  Nos.  76,  77,  and  106. 

However,  it  does  not  follow  that  all  dyes  placed  in  the  "favorable" 
list  are  actually  harmless;  the  investigations  or  opinions  reported  of 
each  may  very  well  be  based  upon  insufficient  data.  This  classifica- 
tion, therefore,  is  merely  intended  to  reflect  the  present  state  of  the 
literature  with  respect  thereto,  and  is  not  necessarily  final  nor  con- 
clusive. 

In  substantially  all  the  recorded  cases  the  observers  directly  or 
indirectly  assert  the  absence  of  arsenic  and  mineral  poisons  in  the 
dyes  subjected  to  physiological  test,  but  the  kind  of  other  impurity, 
if  any,  is  not  stated. 

For  the  purpose  of  a  comprehensive  survey  of  the  Uterature  and 
legal  enactments,  the  following  tabulation  is  presented: 
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Condition  of  the  United  States  color  jnarhet  in  the  summer  of  1907. 
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434 

SI 

450 
451 
457 
459 
462 
467 
477 
478 
479 
480 
483 
488,490 

2 
3 

55 

65 

2 

i" 

1 

620 
639 

X 
X 

70 

78 

z 

4 

4" 

X 

5 

X 

84 

2 
8" 

X 
X 

649 
650 
651 
654 

X 

85 

2 

2 

86 

X 
X 

87 

88 

X 

X 

z 

89 

6* 

1 

X 
X 

2 

X 
X 

659 

X 

92 
93 

667 

1 

94 

95 

2 

670 
675 

X 
X 

97 

1 

1 

X 

102 

X 

6 
1 

6" 

108 

X 

689 
692 

X 

105 
106 

3 

502 
504 
512 
516 
617 
520 

2 

m 

7 

5 

Totals 
106 
»60 

33 

«8 

32 
M6 

i" 

3 

41 
*26 

138 

X 
X 
X 

160 

5 
2 

163 

1  Italidzed  figures  are  colors  in  the  permitted  list,  Food  Inspection  Decision  76. 
s  On  UnitedStates  market  in  1907. 

This  table  shows  that  of  the  106  coal-tar  dyes  examined  physiolog- 
ically only  50  were  on  the  United  States  market;  further,  out  of  33 
** unfavorable"  dyes  8,  or  one-fourth,  were  on  the  United  States 
market;  out  of  32  ''favorable"  dyes  16,  or  one-half,  were  on  the 
United  States  market,  and  finally  that  out  of  41  ''contradictory" 
dyes  26,  or  very  nearly  two-thirds,  were  on  the  United  States  market 
in  the  summer  of  1907. 

Assuming  this  classification  to  be  substantially  and  essentially  fair, 
the  only  Green  Table  numbers  which  are  of  interest  for  the  present 
discussion  are  those  classified  imder  "favorable,"  because  any  color 
positively  injurious  or  of  doubtful  character  is  considered  as  being 
properly  excluded  from  use  in  food  products.  The  Green  numbers 
classified  as  "favorable"  are  32  in  number,  as  follows:  4/  5;  28; 
65;  86;  89;  92;  93;  102;  103;  105;  107;  166;  169;  240;  394;  399;  433; 
4S5;  462;  467;  477;  512;  517;  520;  521;  527;  576;  593;  599;  600;  69S. 
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Of  these  32,  16  were  on  the  United  States  market  in  the  summer 
of  1907  and  their  composition  disclosed;  they  are  presented  in  the 
following  table,  together  with  the  number  of  dealers,  out  of  a  possible 
12,  offering  them  for  sale. 

Distribution  of  ** favorable**  colon  on  the  American  market  in  1907, 


Or»eii 

Table 

number. 

Number 
of  dealers 

httnrtHng 

Green 

Table 

number. 

Number 
of  dealers 

httnHHng 

Qreen 

Table 

number. 

of  dealers 
handling. 

Qreen 

Table 

number. 

Number 
of  dealers 
handling. 

85 
80 

10 
2 
2 

1 

103 
106 

tar 
lee 

6 
1 

7 

1 

240 
433 

1 
1 

4 
2 

512 
6t7 
520 

en 

3 
5 
2 
3 

From  among  these  16,  six  of  the  seven  permitted  colors  of  Food 
Inspection  Decision  No.  76  were  selected.  The  process  of  selection 
and  of  elimination  is  described  on  page  166. 

CLASSIFIOATION   AOOOBDINa  TO   GHEXIOAL  OOMPOSmON   ANI> 

STTIT  ABILITY. 

In  the  following  table  the  chemical  composition  of  thesubstances 
corresponding  to  the  Green  Table  numbers  is  given,  and  their  classi- 
fication according  as  the  literature  is  regarded  as  being  (1)  imfavor- 
able,  (2)  favorable,  or  (3)  contradictory  in  regard  to  the  color.  The 
colors  are  also  arranged  in  the  groups  to  which  they  belong  chemically, 
so  that  this  table  shows:  (1)  The  number  of  groups  reported  on  in  the 
literature,  (2)  the  number  and  composition  of  members  of  each  group 
so  reported  on,  and  (3)  the  interpretation  here  placed  upon  such 
reports  in  literature.  This  table  is  given  in  the  expectation  that  it 
will  be  of  use  to  chemists  and  physiologists. 

Opinions  as  to  suitability,  classified  according  to  groups  and  chemical  composition, 
(The  chemical  nomenclature  Is  that  of  the  Oieen  Tables;  "  a  "  Is  used  for  alpha  and  "  b  "  for  beta.) 


Unfavorable. 


Favorable. 


Contradictory. 


NITBO  COLORS. 

1.  Symmetrical  trinitiophenoL 

2.  Dinltro  0  and  p-cresol. 

3.  Dinitro-a-nu)hthoL 

6.  Hexanltro-diphenylamln. 

MONOAZO  COLORS. 

78.  Methyl-benxenyI-amido>thlo- 
xylenol-aso-»-naphthol  di- 
solphonic  add. 

94.  Bencene-azo-pyrazalone-car- 
boxy-dlsmphonic  add. 

97.  Sulpho-o-toluene-aaEo-b-naph- 


4.  Dinitro-a-naphthol-b-mono- 

solphonio  add. 

5.  Dinltro-a-naphthol^h  mono- 

so^honicadd. 


28.  p4iltro-bensene-an>4i-naph- 
thylamin  p-solphonic  add. 

65.  a-naphthalene-a«>*b-naph- 

thol-disulphonio  add. 
85.  p-8ulphobenzene*aso-a- 

naphthoL 
89.  p  -  smphobencene  -  aso  -  di - 

phenylamln«u  1  p  h  oni  o 

add. 
92.  Diphenylamln  yellow  with 

Ditio-diphenyT 


8.  Amido-aso-bensene-di- and 

monosulphonic  add. 

9.  Ajnido  -  aso  -  toluene  -  dlsol- 

phonlo  add. 
11.  Benienc  osO"b^iaphthoL 

13.  Bensene-aio-b- naphthoic b- 
snlphonio  add. 

14. 


solphooioadd 
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Opinioni  a$  to  itdtabUityf  clasiified  according  to  groups  and  chemical  composition — Con. 


UsfavQiftble. 


Fayorable. 


Oontradlotory. 


MovoASO  ooLOBs— oontlnoed. 


ho- 


DISAZO  00L0B8. 

161  Sulphobenzexie^tfo-sal 

DenseDe-Aso-b-iia] 

sulpiionlo  add. 
20L  Hydrochloild  of  toluene  dls- 

aio-m-tolyleiieKlJamln. 
377.  DltoIylKlteio-biiiftphtliloiiic 


HlXBOeO  00LOB8. 


SnLBBNB  00L0B8. 


DIFHXIfTLMSTHAinB  OOLOBS. 

42&.  Hydrochlorid  of  Imldo-tetra- 
methykdiatmldo-dlj^kenyl- 
mettaaiie. 

mPHEVTLMSCBAKB  OOLOBS. 

431  Dfanethji-dlbeiisvMiaiiiido- 
trtphenyl-carbliiol-tris  a  1- 
pbonlo  add. 

480.  ChlortdofheptBinethyl-rosaii- 
ninchlorM. 


478.  Tzlikbeiiyl-paiBnmiilUii  dl- 
andtrisalidumio  acid. 

47ft.  Tztphfloyl-panroflaiiiliii-t  r  1  - 
agtoboiuoadd. 

488.tf0.1&iroohlorid  of  phe- 
nvRetra-  (mmta)  methyl- 
tdtiiUdo-dq>h0iiyl4Hu^ 
IhylcaiWiioir^^^^ 


03.  p<«olphobeiisene-aco-dloxy- 
i^hthalene  solphoiilo 

102.  pfiuIpho-Di^htbalene  •  aso  - 

b-aiii>hthol. 

103.  p^olpho-napbthalene-aso-a- 

naphthol-p-sulphoiiic  add. 

106.  p-Bulpho-naphthfueiie  -  aso  - 

iHiaphthol  monosul- 
pbonio  add. 

107.  p-sulpho-naphthalene  -  aio  - 

b-napfathol-dis  u  1  p  h  o  n  io 


160.  SiiIphobeiiEeiie  -  azo-scdpho- 
bensene  -  aso  -  p  -  tolyl  -  b- 

Tmph^hyl^i.Tn<n , 

160.  Stdpnotouiene-aso-tolaene- 
aso  -  b  -  naphthol  -  a  -  sol- 
pbonio  add. 

240.  Dipbenyl-  disaco  -  blnaph  - 
thionicadd. 


384.  Dtnttroeo-resordnoL 

399.  AiozT-stilbene-dl^alphonlo 


433.  DlethyUdfbencyl-diamldo- 

trlphenyl    carbinol-disul- 

pbonicacid. 
436.  Diethyl -dlbensyl-diamldo- 

tripnenyl-carbinol-tris  a  1- 

phonjoaoid. 

462.  Trlsulphonic  add  of  rosani- 
lin  andparaiosanlUn. 

477.  Triphenyi-rosaniUn-mono- 
8uh)honio  add  and  triphe- 
nyi  •paiaroeanilin  -mono- 
sohkhonio  add. 

467.  Disolphonioaddofdhnethyl 
dibenzyl  dl-ethyl  triamido 
trtphenyl  carbmoL 


15.  Benzene-aio-b-naphthol    dl- 

solphonic  add  B. 

16.  Dimemyl-cunido  -  aso  -  ben- 

sene. 

17.  Hydrodiloridofdiamido-aso- 

Densene. 

18.  Hydrochlorid  of  bensene-aso- 

m-tolvlene-dlamin. 
41.  Hydrochlorid  of  toluene-€tto- 

m-tolylene-diamin. 
43.  Toluene-aso-b-naphthol-sul- 

phonio  add. 
55.  Xytene-aso-b-naphthol-dlsul- 

phonic  add. 
70.  D(chloro-phenol-aso-b-naph- 

thol. 
84.  p«ulphobensene-aso-re8ord- 

noL 

86.  ihsulphobensene-aso-b-naph- 

thoL 

87.  p-eulphobenzene-aso-dimeth- 

ylanilin. 

88.  p-ralphobensene-aso  -  diphe- 

nylamin. 
06.  m-sulphobensene-aso-diphe- 

nylianin, 
106.  p-sujphonaphthalene  -  aso-b- 
naphthof-disulphonic  add. 

138.  Bisolphobensene  -  disaso  -  a- 

nauithol. 
160.  Salphobensene«so-benxene - 

aso  -  b  -  naphthol  -  mono- 

solphonio  add. 
163.  Solphobensene-aso-solpho- 

bensene-aso-b-naphthoL 
188.  Disulpho-b-naphthalene-azo- 

a-na|^thaiene  -  aso  •  b  - 

naphthol-dJsalphonio  add. 
197.  Hydrochlorid  of  bensene-dis- 

aso-ptienylenoHlianiin. 
209.  DltolyV-dtoaso-bi-saUcyllo 

add. 
287.  Dttolyl-disaso-bl-a-naphthol- 

p«ulphonio  add. 

308.  Nitro8o-b-naphtho]-b-mono- 
Bulphonio  add. 


427.  Chlorid  of  tetra-methyl  dl-p- 

amido-tripheoyl-carbinor. 

428.  Sulphate  or  ohlorid  of  tetra- 

euiy  1  -  diamido  •  trlphenyl- 
carbinol. 
448.  Hydrochlorid  or  acetate  of 
'"-  and  rosanl- 


450.  Hydrodilorids  or  acetates  of 
mono-di  or  trimethyl  (or 
ethyl)  roeanHins  and  para- 


451.  Hydrodilorld  of  penta-  and 
bexamethyl-pararosanilin. 

457.  Hydrochlorid.  sulphate  or 
acetate  of  triphenyl  rosani- 
Un  and  triphanyi  i>araro8- 
anilin. 

480.  Triphenyl-rosanilin  and  tri- 
phenyh-para-rosanllin  sul- 
phcmio  adds. 

483.  Aurin  oarbhiol,  ozydised  au- 
rin,  methyl  aurin,  and 
peeudo  roeollo  add. 


97291*— BuU.  147—12 6 
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Opinions  as  to  suitability ^  classified  according  to  groups  and  chermcal  composition — Con. 


Unlftyorable. 


FftTOTsble. 


Contndlelory. 


XANTHENE  COLORS. 

502.  Triethylrtiodamin. 
516.  Diiodo  fluorescein. 


ACBIDIN  GOL0B8. 

530.  Hydioohlorid  of  dtamldo-phe- 
nyl-dbnethyl^Mnidin. 

532.  Nitrate  of  ohrTsanlllii  and 
homologiies. 

ANTHKACBNB  COLORS. 


INDOFHIirOL  OOLOBA. 

572.  Tin  eompocmd  of  dimethyl 
p-amido  phenyl-^>-oxy- 
ft-naphthymmin. 

574.  nydrocnlorids  of  p-pheny- 
lene-diamln-i>-amidophe  - 
nol  and  diamido-dipneny- 
lamln. 

AZIN  COLORS. 

602.  Spirit  Nigrosines. 

614.  Amido -naphthyl- naphtha- 
£onlum  chlorid  and  dia- 
mido  naphthyl-naphtha- 
Bonium  chlorid. 

OXAZm  COLORS. 

620.  Dimethylamldo-dioxy-phe- 
nasoxonium  carboxylate. 

639.  Chlorid  of  dimethyl-amldo- 

naphtbo  •  phenoxaionium 
chlorid. 

THIAZIN  COLORS. 

640.  Zinc -double -chlorid  of  di- 

methvl  -  diamido-phenas- 

thionlum  chlorid. 
651.  Nitromethylene  Blue. 
654.  Chlorid  of  dimethyldiamido- 

toluphenasthionium. 

THIOBKKZSNTL  COLORS. 

660.  Dehydrothiotoluidin. 

QVmoIiN  COLORS. 

667.  Qninophthakmc. 

SULPBID  COLORS. 

670.  Sulphi^ydro  derivattve  of  a 

pol3ruila£in. 
675.  Thfoeateohtn  S  (composition 

unknown). 

XNDIOO  COLORS. 


512.  Tetrabromoflooraseeln. 

517.  Tetralodofluoresoaln. 

520.  TetraiododiohloraflQOresoein. 

521.  Tetrabromotetraehkirofluor- 

esoein. 
527.  Sodium    bisulphite     com- 
pound of  oceruleln. 


576.  New  Orav  (comiMsition  un- 
known). 


503.  Phenyl- and  tolyl-safranins. 

599.  Mixtures  of  dlanffldo-amido- 

trianilido-,  and  tetraani- 
lido  -  phenyl  -  phenaso  - 
nium  ^ilorids. 

600.  Indulins  and  fluorlndlns. 


602.  Indlgottn  dlsa^hoiiio  acid. 


504.  Hydrochlorid  of  diethyKm- 
amido-phenol-phthaleln. 


563.  Dloxy-anthraqninone4>-qiii- 


>ioxy-a] 


584.  Diamidophenyl    and    tolyl- 

toUconium  dilorlds. 
601.  Bulpbonated  Indulins. 


650.  Chkxrid    of    tetramethykdi- 
amido^cnasOiJoiiiDm. 


689.  Indlgotin. 
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COMPILBD  DATA  UNDER  GBEEN  TABI^  NUMBEBS.  67 

FHYSIOLO0IOAL  ACTION  OF  OOAI^TAB  DYBS. 
SUMMABY  OP  SYMPTOMS. 

A  rough  summary  of  the  symptoms  noted  or  positively  deter- 
mined to  be  absent,  the  nimiber  of  the  deaths  produced,  and  the 
number  of  cases  in  which  nothing  abnormal  was  noticed  may  serve 
as  a  convenient  guide  in  considering  the  detailed  statements  herein- 
after given  relative  to  all  the  symptoms,  clinical  data,  legislative  and 
other  publications,  or  permissions. 

In  the  following  tables  are  brought  together  most,  if  not  all,  of  the 
recorded  observations  with  respect  to  the  himians  and  other  animals 
upon  which  the  physiological  action  of  coal-tar  dyes  has  been  studied 
as  well  as  the  results  of  autopsies  when  recorded.  The  colimms 
headed  '* Unfavorable,"  "Favorable,"  and  "Contradictory"  have  the 
same  significance  as  in  the  preceding  table;  itaUcized  niunbers 
are  those  of  the  permitted  colors  of  Food  Inspection  Decision  No.  76. 
Asterisked  numbers  indicate  that  the  dye  was  administered 
hypodernMcally. 

Experiments  on  Doos. 

Table  I. — Observations  on  dogs. 
(Beferenoe  to  Green  Table  numbers.) 


Symptoms. 


UnfftTorable. 


Favorable. 


Contradictory. 


Deaths. 


Aiitopiies , 

Stained  8ktn 

^tafoed  conJun(^v8B 

Req>fratk>n  difficulties. . 

Temperature  normal 

Temperature  h^ 

Temperature  low 

General  depression , 

Weakness.?. 

Loss  of  weight 

Emaciation. 

Paralysis  of  heart 

Lob  of  appetite 

AveiBlon  to  food 

Colored  urine 


Colorless  urine..... 
Urine  not  affected. 
Albuminuria 


Albuminuria  doubtful. 
Alkaline  mine 


Bkwdy  urine. 
Senol  in  urine... 
S^y  Irritation.. 
Bladder  Irritation. 

TMrrt 

SjOTedfeoes 

Thin  stool 

Diairiiea 


Softenedfeces. 
Btoody  stool... 


1;  2;  3;  488  or  490;  574;  639 
(2);  649. 

3;  488  or  490;  672;  574;  620; 
639;  640. 


103;  105;  309;  467;  477;  603; 
e9t. 


1 

1;8 

2;  620;  649 

488  or  490;  3 

488  or  490 

425;  649;  675 

1;  8;  97;  649;  650. 
1;  488  or  490;  639. 
488 or  490;  639.... 


467. 


2;  3;  97;  425;  530;  649;  659; 

667;  670. 

649;  3 

3;  6;  78;  94;  97;  277;  425; 

434;  450;  478;  479;  502; 

516;  530;  532;  614;  620; 

651;  669;  667;  670. 


240;  394. 


488  or  490;  649 

1;  3;  78;  94;  97;  ^5;  434; 

459;  479;  516;  580;  651; 

650;  667. 

78;  478 

670 


4;  5;  28;  92;  93;  103;  105; 
166;  240;  394;  399;  433; 
521;  527;  576;  599. 


240 

467;  477 

4;  6;  28;  166;  240;  304.. 


5..., 
240.. 


1... 
639.. 


94;  425;  488  or  490;  620.. 

426;  502;  614 

1;  8;  94;  97;  479;  425;  516; 
614:  639;  640;  651;  670. 


103;  105;  899;  477 

527 

4;  92;  103;  106;  899;  627; 

593. 


16(2);65;70»;86;87;95(2); 

18»»;  428  (2);  451  (2); 

480*;  601;  660. 
16;  56;  70»;  87  (2);  46  (2); 

457;  480  (2);  601;  650. 


451;  60L 

457. 

451. 

650. 

16;  483. 

17;  18;  41;  95;  138;  451;  66a 

138;  46L 

16;  87;  428. 

16;  87;  138;  197;  ^8;  451; 

483;  650. 
461. 
8;  9: 11;  13;  14;  16;  56;  84; 

86;  87;  88;  95;  138;  197; 

269;  287;  398;  428;  448; 

483;  504;  601;  65a 
287. 

461;  480;  601. 
8;  9;  11;  17, 18,  or  41;  70; 

86;  88;  95;  188;  197;  269; 

287. 
138. 

14;  88;  269;  287. 
451. 
11;  88. 
86. 
650. 

16;  86;  87;  428. 
87;  88;  396;  480;  601;  660. 
16;  604. 
11;  16;  84;  86;  87;  138;  269; 

428;  488;  504;  584;  65a 
06. 
650. 
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68  COAL-TAE  COLORS  USED  IN  FOOD  PRODUCTS. 

Table  I. — OhiervaJtUmt  on  dog» — Continued. 


Symptoms. 


UDfavonble. 


Favorable. 


Contradictory. 


Pus  In  stool.. 
Stool  desires. . 
Vomiting 


Retching.. 
Salivation. 


Stupor 

Desire  to  sleep 

Catarrh  of  eyes  and  nose. . 

Cramps 

Convulsions 

Tremors 

Congestion 

Paralysis  of  limbs 

Destroys  coloring  matter 
of  blood. 

Loss  of  sight 

Lossofhearlns 

Internal  disoraers 


KB 

1;2;8;6;97;277;425;470; 

488  or  400;  616;  632;  574; 

614;  039;  640;  070;  676. 

676 

488or400;630;649;675... 
488  or  400;  630 


300;  483;  467;  676;  6»f . 


28. 


1;2... 
2;  676. 


640.... 
1;676. 
1;2... 


86;  87;  06;  197;  260; 
448;  461;  483;  660. 


600. 

U;16; 
428; 

16;  86. 
684. 

601. 
461. 
461. 
60L 


87. 

16;  65;  87;  ^8;  460. 


87:601. 

601. 

660. 


The  following  table  discloses  the  results  of  the  autopsies  made  and 
reported  on  dogs. 

Table  ll,^Auloptixe»ondogs. 


Symptoms. 

UnCavorable. 

Favorable. 

Contradictory. 

No  change  In   Internal 
NotMng  f^bnormf^l ,  , 

87. 

106;  399;  467;  477;  693 

103 

87  ni;  467. 

No  change  except  whole 
interior  colored  red. 

LIVEB. 

672;  620;  630 

601;  650. 

Blood-poor 

488  or  490 

461  «);  480  11^  601. 

Swollen 

674 

Inflamed  . 

640 

650. 

Blood-filled. 

674 

udmsts. 
Congested 

8;  639;  649 

461  (2);  480*  (ID. 

Filled  with  decomposed 

blood  corpuscles. 
Colored..... '. 

639     * 

461  (2). 

«(JJ;601;M0. 

Soft 

Blood-poor ... 

488or490 

601. 

Blood-iUed. 

674 

Swollen.. 

620;  639 

69$ 

Thickened 

650. 

Inflamed , 

650. 

STOMACH. 

Colored 

488  or  400 

660. 

Catarrh 

488  or  490 

660. 

TnflAmAd   mn4y>11ff  mAm. 

674;  649 

brane. 

601. 

brane. 
Contracted     and     filled 

639 

with  colored  mnoous. 

LUNGS. 

Filled  with  blood 

674 

Pan<*t«red......x.      ..  . 

60L 

HXABT. 

Swollen 

674 

Paralysed 

674 

te  (2);  87  I;  428;  87  H. 
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Table  II.— ^utopnM  on  <fo^«— Continued. 


Symptoms. 

Unfavorable. 

Favorable. 

Contradictory. 

488  or  400. 

INTXiiTUfES. 

Odored. 

660. 

Cktanrh. 

488  or  400. 

COLORXD. 

Brtln 

650. 

Fat 

660. 

«Wn 

650. 

Pleura. 

Heart  aao 

* 

650. 

PiaphracT''^- 

650. 

^Ti^phfignii. .............. 

488  or  400... 

650. 

AU  organs  colored ^ 

480*11. 

An  oi^ans  swollen 

480*  n. 

General  congestion 

i^ritonltifl..     .... 

3(11) 

70*. 

Fat  aU  disappeared 

Flabby  muscles 

630 



030 

In  this  connection  it  may  be  of  interest  to  note  that  out  of  16  dyes 
producing  death  when  administered  through  the  mouth  to  dogs,  7 
were  .on  the  United  States  market  in  the  summer  of  1907.  Their 
Green  Table  numbers  are  as  follows^  the  numbers  in  parentheses 
indicating  the  niunber  of  makers  or  importers,  out  of  a  possible  12: 
oflfering  them:  55  (2) ;  86  (8) ;  95  (2) ;  428  (3) ;  451  (5) ;  601  (1) ;  650  (2). 

The  following  table  gives  the  Green  Table  numbers  of  coal-tar  dyes 
which  on  administration  to  dogs  positively  did  not  in  certain  specific 
cases  produce  the  particular  disturbances  recited,  although  the  case  of 
the  several  colors  as  a  whole  is  regarded  in  the  Uterature  as  ''favor- 
able," * 'unfavorable,"  or  "contradictory,"  as  stated. 

Table  III. — Observations  on  dogs  showing  definite  negative  results  in  specific  cases 
grouped  under  the  general  verdict  of  the  literature  as  a  w?u)le. 


83rmptom8. 

Unfavorable. 

Favorable. 

Contradictory. 

Vomltliig, 

614 

i:  106;  462 

06;  601. 

DiarrtS...:::::::::.:::. 

4/ 106;  462 

^•304..... 

06;  604. 

Albaminnria 

6;  07;  277;  434;  632;  614; 
661 ;  660. 

14;  16;  56;  84;  86;  87;  88; 

Sagarin  urine 

107;  308;  448;  604;  601. 

PbcDol  in  orine 

287. 

Los  of  weight 

CBS 

86. 

That  is,  when  these  dyes  were  tried  on  dogs  the  observers  reported 
in  certain  specified  cases,  positively  and  definitely,  the  absence  of  any 
of  the  symptoms  named. 

It  is  stated  of  the  following  colors  that  they  produced  no  bad  eflfects 
in  certMn  specified  cases:  4;  9;  65;  86;  105;  188;  197;  240;  457;  572; 
593.  No  bad  eflfect  except  colored  urine:  13,  95.  No  bad  effect 
except  albuminuria:  88, 287.  No  bad  effect  except  loss  of  weight: 
12.5  per  cent  (17,  18,  or  41). 

It  is  therefore  true  of  all  of  these  coal-tar  dyes  that  there  are  condi- 
tions under  which  they  have  been  observed  not  to  produce  the  bad 
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effects  as  above  set  forth;  but  this  tabulation  must  not  be  taken  to 
mean  that  these  dyes  can  not,  under  any  conditions  whatever,  produce 
imtoward  results;  the  reverse  is  true  in  most  cases. 

Experiments  on  Human  Bbinos. 

The  Green  Table  numbers  of  those  colors  concerning  which  expeii^ 
mental  data  are  available  on  humans  are  as  follows:  I;  2;  3;  4/  ^i 
9;  (17,18,41);  55;  65;  86;  86;  95;  102;  103;  105;  106;  107;  197; 
427;  428;  448;  462;  532;  602;  650. 

The  symptoms  produced  are'  classified  in  the  following  Ust: 


IntemaUy  adminiiiered. 


Not  poisonous. 


4; 

9;  55;  65;  85;  95;  102; 

103;106;106;i07;448;462 

Poor  general  condition 86;  650 

Fever 2 

Loss  of  appetite - . .  2 

Vomiting 3;  532;  650 

Intestinal  irritant 650 

Diarrhea 532;  650 

Bladder  irritant 650 

Colored  urine 86;  95;  650 

Albuminuria 650 

Increased  micturition 650 

Irritant 532 

Inflammation 532 

Dryness  of  throat 86 


Bad  taste  in  mouth. 86 

Restlessness 86 

Rush  of  blood  to  head 86 

Vertigo 86;  650 

Headache ^0 

Delirium 650 

Twitching  of  muscles 660 

Yellow  coloration  (^  skin 3 

Yellow-colored  mucous  membrane.  3 
Food  colored  with  it  made  a  family 

sick 3 

Adults  withstand 1 

Children  and  weak  adults  do  not 

withstand 1 

Deaths 2;  3 

Autopsy *3 


It  should  be  noted  that  of  the  13  dyes  here  classed  as  not  poisonous 
to  humans  all  but  No.  102  were  on  the  United  States  market  in  the 
summer  of  1907^  as  is  shown  in  the  following  table: 

Number  of  dealers  offering  these  nonpoisonous  colors  in  1907, 


Green 

Table 

nuxnbeiB. 

Souroes 
offering 
same. 

Green 

Table 

numbers. 

Souroes 
offering 
same. 

Green 

Table 

numbers. 

Souroes 
offering 
same. 

Green 

Table 

numben. 

Souroes 
offering 
same. 

9 
55 

10 

1 
2 

66 

185 

96 

2 
2 
2 

103 
106 
106 

6 
1 
5 

107 
448 
462 

7 
4 
2 

1  On  permitted  list,  Food  Inspection  Decision  76. 

Symptoms  produced  by  external  application  of  certain  colors  (Oreen  Table  numbers). 

Burning 2;  427;  428 

Itching 2;  6;  427;  428 

Blisters 2;  6 

Swelling 427;  428 

It  should  be  noted  that  No.  86  has  been  tried  on  humans  and  has 
been  found  not  to  produce  diarrhea  or  vomiting, 


Dermatitis 4 

Eczema (17, 18,  or  41);  197;  e02 

Inflammation , 427;  428 


I  Hemorrhagic  gastritis. 
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Ptoalysifl 427* 

Giamps 427* 

No  harm  produced.  89;  107;  448;  504;  617 


G.  T.  3  has  apparently  killed  a  human  at  60  mg  per  kilo  and  the 
autopsy  disclosed  hemorrhagic  gastritis.  G.  T.  448  has  been  sug- 
gested as  a  possible  remedy  for  Briefs  disease.  It  should  also  be 
borne  in  mind  that  adults  can  stand  G.  T.  1  in  doses  of  540  to  900  mg 
daily  for  a  long  time,  whereas  children  and  weak  adults  stand  that 
substance  only  poorly. 

EZPSRIMENTS  ON  SkALL  ANDfALS. 

Results  of  experimenting  on  rabbits  with  10  coal-tar  dyes  whose 
Green  Table  numbers  are  1,  2,  86,  89,  107,  427,  448,  504,  517,  and 
563  have  been  tabulated  as  follows: 

Death 1;  2;  427*;  563* 

Diarrhea 1 

Colored  urine 86 

Softened  feces 86 

In  the  case  of  the  numbers  marked  with  an  asterisk  the  color  was 
administered  hypodermically.  In  this  connection  reference  should 
also  be  had  to  the  paper  of  Penzoldt  abstracted  in  Section  VIII, 
page  55. 

The  four  coal-tar  dyes  55,  103,  425,  and  480  have  been  tested  on 
guinea  pigs  and  no  disturbance  was  noticed  in  all,  but  in  the  case  of 
103  occasional  thirstinees  was  observed.  No.  448  has  been  fed  to 
hens  without  damage,  and  No.  2  has  been  recommended  as  an  insect- 
icide, a  fungicide,  and  a  mouse  poison. 

GBKEBAL  STATElfENTS. 

The  following  statements  may  be  of  interest  before  the  detailed 
compilation  is  read: 

1.  O.  Buss  {FoTschuTigsber.  iiber  Lehensmittel,  1896,  vol,  2,  ff. 
16S-197,  237),  in  a  paper  entitled  ''Contributions  to  the  Spectrum 
AnidysiB  of  some  Toxic  and  Pharmacognostically  Important  Coloring 
Matters,  with  Special  Consideration  to  the  Ultra-Violet,"  cites  as 
poisonous  the  following  (Green  Table  numbers  follow  in  parentheses 
wherever  connection  could  be  satisfactorily  established) : 

Picric  Add 

Binitro  o-  and  p-Creeol 

MartiiisYeUow 

Auiantla 


(1) 
(2) 
(8) 
(6) 
(8) 
(86) 


FaatYeUow 

Orange  II 

As  nonpoisonous: 

Ntphthol  YeUow. (4) 

E<wn (512) 

Erythroem ^517) 

AmlinBlue (457) 

As  doubtful: 

^MiylVloIet. (451,454) 


Metanil  YeUow (95) 

Corallin (483) 

Safranin (584) 

Methylene  Blue (650) 

lodinGreen (459) 

AHjsarin  Blue  8 (563) 


Naphthol  Green (398) 

Malachite  Green (427,428) 

Dahlia (450,451) 


Veeuvin (197,201) 
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On  the  following  Buss  is  noncommittal: 


Auiamin (425) 

Biebrich  Scarlet (163) 

Water  blue (480) 


Magenta (448) 

Aurin K483) 

AddGreen. (435) 


Wine  Green (?) 

Milling  Red (?) 

Azo-acid  Blue (36) 

Fastroee (?) 


Naphthol  Black  of  variouB  brands,  which  seemed  to  be  mixtures. 

2.  It  has  been  pointed  out  that  the  following  nine  colors  are  harm- 
less: 

Naphthol  Yellow (4) 

Naphthol  Brown (?) 

Chinolin  Yellow (667) 

PyrotinRRO (115) 

Acid  Green (434,435) 

Most  of  these  have  not  been  examined  experimentally,  but  scien- 
tific studies  have  been  made  of  the  poisonous  qualities  of  Azo-Blue 
and  Naphthol  Yellow.     (Zts.  angew.  Chemie,  1896,  p.  H.) 

3.  (]!hlopin  in  his  monograph  (see  p.  75)  says: 

On  the  basis  of  my  personal  experience  I  consider  the  testing  of  the  action  of  coal- 
tar  dyes  on  man  not  permissible,  since  such  experiments  may  induce  in  the  subjects 
of  experiment  more  or  less  serious  symptoms  of  poisoning,  for  which  in  some  cases 
there  are  no  antidotes  at  our  disposal.  To  such  accidents,  in  my  opinion,  only  the 
experimenter  himself  may  subject  himself,  because  he  knows  what  he  is  doing.  Pre- 
liminary tests  of  dyes  on  dpgs  and  other  animals  afford  no  guaranty  of  escape  from  dis- 
agreeable accidents  which  may  take  place  in  the  testing  of  the  dye  on  man.    {Page  111.) 

These  data  and  calculations  convincingly  prove  how  erroneous  the  current  opinion 
is  that  for  the  coloring  of  food  substances  and  beverages  only  exceedingly  small, 
almost  unweighable,  quantities  of  dyes  are  used.    {Page  113,) 

On  page  221  et  seq.,  the  following  general  discussion  of  this  subject 
is  foimd: 

Thb  Mannbb  of  Action  of  Poisonous  Dyes  on  thb  Andcal  Organism. 

The  mechanism  and  the  chemistry  of  the  action  of  the  artificial  dyes  of  the  aiomatie 
series  on  the  animal  oiganism  remains  to  the  present  day,  with  few  exceptions, 
exceedingly  slightly  and  superficially  studied.  The  same  can  be  said  also  concern- 
ing the  pathological  and  anatomical  dianges  which  are  induced  by  these  dyes. 

More  than  the  others  there  have  been  studied  in  the  toxicological  respect  the  dyes 
belonging  to  the  Nitro  group;  Picric  Acid;  Martins  Yellow  (Dinitro-naphthol  potas- 
sium), and  Saffron  substitute  (Dinitrocresol  potassium.) 

According  to  Kobert,  these  dyes  belong  to  the  poisons  acting  on  the  blood.  Accord- 
ing to  the  same  authority,  Methylene  Blue,  which  belongs  to  the  other  chemical 
group  of  Thiazins,  acts  similarly. 

In  the  fundamental  works  on  the  sanitary  investigations  for  the  dyes,  by  Gaseneuve 
and  Lupine,  by  Weyl,  and  by  Santori,  we  find  almost  no  material  relating  to  the 
explanation  of  the  maimer  of  the  action  of  the  dyes.  These  investigators  limiting 
themselves  to  a  very  cursory  description  of  the  symptoms  of  poiBoning,  and  reciting 
in  most  general  terms  the  results  of  autopsy,  not  even  indicating  the  cause  of  death. 
Such,  for  instance,  are  the  reports  of  autopsies  made  by  T.  Weyl  and  some  other 
investigators,  as  quoted  above. 

1  Apptrantly  a  puxifled  fonn  of  ConlUn. 
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We  may  expect  that  more  detailed  inveetigations  in  this  reepect  will  be  made  at  the 
proper  time  by  phannacologists,  since  study  of  the  mechanism  and  chemistry  of  the 
action  of  the  poisonous  substances  on  the  animal  organism  is  their  province;  for  the 
hygienist  it  is  quite  sufficient  merely  to  establish  the  ^t  that  a  given  substance  is 
poisonous  or  harmful,  and  he  need  not  go  any  further.  For  this  reason,  in  those  cases 
Id  which  I  desired  to  clear  up  the  causes  of  death  of  the  animals  in  my  experiments, 
and  to  record  pathological  and  anatomical  changes  (although  by  the  terms  of  the  regu- 
lations governing  this  competition,  a  close  study  of  the  action  of  the  dyes,  and  the 
ascertainment  of  the  mechanism  and  chemistry  of  their  action  was  not  required),  I 
called  in  a  person  more  competent  than  myself  on  these  questions. 

Not  counting  the  duplicates  we  made  five  autopsies  all  told .  In  all  these  cases  death 
resulted  from  paralysis  of  the  heart.  The  pathological  and  anatomical  changes  in  all 
cases,  except  one,  did  not  present  anything  specific,  and  finally  reduced  themselves  to 
a  feebly  expressed  turbid  swelling  of  the  heart  and  of  the  liver,  a  rush  of  blood  to  the 
stomach,  and  a  congestion  of  the  internal  organs. 

The  exception  was  the  autopsy  of  a  dog,  which  died  from  Methyl  Orange;  this  dog 
died  with  the  symptoms  of  paralysis  of  a  cerebro-spinal  nature.  This  experiment  was 
made  twice,  and  the  autopsies  of  both  animals  showed  hypersemia  in  the  lowest  part 
of  the  spinal  column,  on  the  border  of  the  anterior  and  the  lateral  columns. 

As  to  the  symptoms  of  poisoning  not  resulting  in  acute  death,  here  most  frequently 
was  observed  vomiting,  diarrhea,  and  albumen  in  the  urine,  showing  disturbance  of 
the  functions  of  the  digestive  tract,  and  an  affection  of  the  kidneys. 

A  highly  typical  picture  of  poisoning  is  presented  by  the  sulphid  Vidal  dyes.  They 
cause  rapid,  almost  instantaneous,  deafening  of  the  animal,  whereupon  the  animal  falls 
on  one  side  in  convulsions  and  lies,  not  moving  its  body,  but  convulsively  and  rapidly 
twitching  its  anterior  limbs  during  several  minutes.  The  tongue  hangs  out  of  the 
niouth,  a  strong  secretion  of  saliva  is  noted,  then  vomiting  begins,  and  the  dog  gradu- 
ally begins  to  revive;  with  difficulty  he  arises  on  his  front  feet  and  sits  down,  not  being 
able  yet  to  stand  on  his  posterior  extremity,  which  is  in  a  state  of  paresis.  After  a  few 
houiB  the  dog  becomes  normal.  The  symptoms  of  poisoning,  just  described,  are  exceed- 
ingly similar  to  the  supposed  "apoplectic  form"  of  poisoning  by  hydrogen  sulphid, 
which  had  been  studied  on  animals  by  K.  Lehmann,  and  which  was  observed  in  per- 
sons who  inhaled  air  containing  a  few  per  cent  of  this  gas.  Air  containing  0.1  to  0.3 
per  cent  of  hydrogen  sulphid  kills  cats  and  dpgs  in  10  minutes. 

In  our  experiments  in  which  were  introduced  substances  containing  sodium  sulphid, 
the  poisoning  must  have  been  caused  by  hydrogen  sulphid  which  was  liberated  from 
the  dye  by  the  acid  of  the  gastric  juice,  and  which  could  cause  poisoning  also  through 
the  stomach  and  through  the  respiratory  apparatus. 

Fortunately  Vidal  dyes,  owing  to  their  repulsive  odor,  will  scarcely  find  a  wide 
application  in  coloring  food  and  beverages. 

SoifB  EsFLSCnONS  RSOAJIDINO  FURTHEB  INVESTIGATIONS  OF  DybS  FBOM  A  SANrrABY 

Standpoint. 

The  present  investigation,  as  well  as  all  the  investigations  of  the  action  of  dyes  on 
^'^^iiiuds  by  previous  investigators,  had  for  its  object  the  solution  of  the  question  in 
what  number  there  exists  among  the  dyes  of  the  aromatic  series  dyes  which  possess 
poisonous,  or  more  or  less  pronounced  harmful  properties  (answering  essentially  the 
"^tary  toxicological  question) .  From  the  practical  point  of  view  such  investigations 
Presented  and  do  present  the  most  important  interest,  inasmuch  as  they  afford  a  possi- 
bility of  protecting  the  public  from  the  use  of  obviously  poisonous  and  harmful  sub- 
Btaaces,  but  by  such  investigations  qnestions  of  exceedingly  sanitary  importance  are 
not  answered,  namely: 

1.  Ought  we  to  consider  as  quite  harmless  those  dyes  which  do  not  induce  pro- 
Bounced  symptoms  of  poisoning  and  which  are  designated  herein  by  the  term  non- 
poisonous? 
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2.  Is  the  usual  answer  which  is  given  to  the  hygieoist  by  the  defenders  of  the  unr^ 
stricted  use  of  the  coal-tar  dyes  for  coloring  food  products  and  beverages,  namely,  that 
in  practice  the  dyes  are  introduced  into  the  human  organism  in  so  small  quantitieB 
that  their  properties  can  be  neglected,  justified? 

To  both  questions,  besides  the  facts  and  considerations  which  I  gave  above  in  my 
investigations,  we  may  reply  experimentally  in  two  ways: 

(a)  By  prol(»iged  investigatioiis  continued  over  a  poiod  of  yean  <d  the  action  of 
very  minute  quantities  on  the  animal  organism,  which  has  so  fur,  owing  to  the  incon- 
veni^ices  of  such  long  experiments,  not  been  done  by  anybody;  and 

(b)  By  investigation  of  the  action  of  small  doses  of  dye  on  Bome  physiological  func- 
tions, and  first  of  all  on  the  activity  of  the  digestive  oigans,  which  is  first  of  all  dis- 
turbed upon  the  introduction  of  dyes  into  foods  and  beverages.  The  solution  ol  the 
last  question  can  be  best  promoted,  in  my  (pinion,  by  experiments  made  on  dogs  and 
by  exploratory  examination  of  the  body  according  to  the  method  of  Prol.  Pawlow. 
Unfortimately,  experiments  such  as  these,  owing  to  the  dijficulty  of  the  Heidenhain- 
Pawlow  operation,  are  inaccessible  to  the  majority  of  investigators. 

As  a  very  useful  substitute  of  such  investigations  may  sorve  obeervatimiB  on  the 
action  of  dyes  on  the  activity  of  the  digestive  juices  outside  the  body  of  animals. 

On  my  proposition  Dr.  A.  E.  Winogradow  began  in  my  laboratory  experiments  on 
the  action  of  small  doses  of  dyes  of  the  aromatic  series  on  the  digestion  in  vitro.  Dr. 
Winogradow  so  far  examined  25  coal-tar  dyes  in  this  req>ect  according  to  the  method  of 
Metta  and  convincingly  proved  that  in  insignificant  doses  coal-tar  dyes  (from  one-half 
to  4  milligrams)  entirely  stopped  the  digestion  of  albumen  by  artificial  gastric  juice. 
It  was  found  that  the  capacity  to  depress  the  digestion  is  possessed  not  only  by  poison- 
ous dyes,  but  also  by  dyes  which  proved  in  my  experiments  on  animals  mnipoisonoua. 

It  is  quite  possible,  therefore,  that  an  admixture  of  coal-tar  dyes  will  exert  an  unfa- 
vorable influence  on  the  digestion  and  assimilation  of  food  prepared  from  products  col- 
ored by  them.  Experimental  proof  of  the  last  supposition  can  be  given  only  by  experi- 
ments on  the  influence  of  dyes  on  the  metabolism  of  substances  in  animals  and  man. 

COMPLBTB  DETAILBD  STATEMENT  OF  ALL  COMBINED  DATA. 
ABBBEYIATIONS  OF  AUTHOBITIES   CITED. 

The  data  hereinafter  given  is  brought  together  as  nearly  as  pos- 
sible under  the  Green  Table  numbers  to  which  it  is  pertinent.  It  is 
beUeved  that  the  literature  has  been  quite  thoroughly  searched,  and 
that  nothing  of  substantial  importance  has  escaped  recording  in  this 
compilation;  certainly  whatever  may  have  escaped  can  hardly  serve 
to  change  the  general  conclusion  to  which  this  compilation  leads. 

In  order  to  avoid  repetition  in  the  following  tabulation,  ''Weyl" 
is  to  be  understood  as  referring  to  the  book  entitled  ''The  Coal  Tar 
Colors,  with  Especial  Reference  to  their  Injurious  Qualities,  etc.,"  by 
Theodor  Weyl,  translated  by  Leffmann  and  published  ia  Philadel- 
phia, Pa.,  in  1892. 

"lieber"  refers  to  the  book  entitled  "The  Use  of  Coal  Tar  Colors 
in  Food  Products,"  by  Hugo  lieber,  published  in  New  York  in  1904. 

"Fraenkel"  refers  to  the  book  entitled  ''Arzneimittel  Synthese," 
by  Dr.  Sigmimd  Fraenkel,  published  in  Berlin  in  1906. 

"Confectioners  List"  refers  to  the  Official  Circular  from  the  Exec- 
utive Committee  of  the  National  Confectioners'  Association  of  the 
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United  States  entitled  ''Colors  in  Confectionery"  and  reprinted,  in 
part,  in  the  book  entitled  ''Food  Inspection  and  Analysis,"  by  Albert 
E.  Leach,  pubUshed  in  New  York  in  1906,  pages  630-634. 

"Resolutions  of  Swiss  Analytical  Chemists"  refers  to  these  reso- 
lutions as  published  in  Zeitschrift  fur  Nahnmgsmittel  Untersuchung 
und  Hygiene,  1891,  page  293. 

"Schacherl"  refers  to  Schacherl's  pubUcation  entitled  "Die  Zulaes- 
sigkeit  KuenstUcher  Farbstoffe  zum  Farben  von  Lebensroitteln," 
published  in  Vol.  Ill,  pages  1041-1048,  of  the  Report  of  the  Fifth 
International  Congress  of  AppUed  Chemistry  held  in  Berlin  June  2 
to  8,  1903. 

"Chlopin"  refers  to  Chlopin's  monograph  published  in  Russian 
and  entitled  "Coal  Tar  Dyes.  Classification,  properties,  and  action 
of  artificial  dyes  on  the  animal  organism,  etc.,"  published  at  Dorpat 
in  1903,  or  to  the  abstract  of  Chlopin's  paper  printed  at  page  169-172 
of  Vol.  rV  of  the  Report  of  the  Fifth  International  Congress  of  Ap- 
plied Chemistry  held  in  Berlin,  1903. 

"Canton  of  Tessin"  refers  to  the  publications  of  the  Tessin  regula- 
tions published  in  1897  in  Zeitschrift  ftir  Untersuchimg  der  Nahnmgs 
und  Genussmittel,  page  414. 

Whenever  possible  the  doses  administered  have  been  given  in  mil- 
ligrams per  kilo  and  grains  per  100  pounds  of  body  weight  of  animal. 
In  the  case  of  the  tabulations  taken  from  Chlopin's  monograph  this 
was  not  done;  but  in  order  to  render  such  comparative  data  easily 
available  factors  have  been  placed  at  the  head  of  each  tabulation; 
for  example,  under  G.  T.  6  (1  gram  =106  mg=74.2  grains),  which 
means  that  each  gram  administered  amounts  to  106  mg  per  kilo  or 
74.2  grains  per  100  poimds  of  body  weight  of  animal;  by  multiplying 
the  doses  ^ven  by  either  of  the  factors  the  corresponding  compara- 
tive information  is  obtained. 

In  addition  to  the  106  Green  Table  numbers  that  have  been 
examined  physiologically,  there  are  reported  the  results  of  the  phys- 
iological examination  of  8  coal-tar  colors  not  in  the  Green  Tables,  of 
which  3  are  said  to  be  nonpoisonous,  3  are  called  poisonous,  1  is 
called  harmful,  and  the  last  is  said  to  be  "not  quite  harmless." 
These  8  dyes  are  not  included  in  this  compilation. 

TABULATION    BY    GREEK    TABLE    NUMBERS    OF    PHYSIOLOGICAL    AND 

OTHER  DATA. 

G.  T.  1. 

Trade  names. — ^Piciic  acid;  carbazotic  acid. 
Scientific  name, — Symmetrical  trinitrophenol. 
Discovered. — 1771. 
Shade.— Yellow.    Not  offered. 
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PAYORABLB. 

Nothing. 

UKTAVORABLS. 

1.  Prohibited  by  ConfectionerB'  List. 

2.  Wetl  (p,  30):  ''The  injuriouB  character  of  picric  acid  has  long  been  known." 

3.  ''In  Germany  its  employment  for  coloring  food  is  forbidden  by  the  imperial  enact- 

ment of  1888,  <m  account  of  its  poisonous  character."    (pp,  68-71.) 

4.  "The  foregoing  statements  show  that  while  the  acid  must  be  considered  poiscmooa, 

its  injurious  character  is  far  less  than  has  generally  been  assumed,  neverthdeae, 
the  legal  prohibition  of  its  um  as  a  coloring  matter  for  food  or  drink  is  just" 
(p.  7/.) 
6.  "£rb  gave  a  rabbit  weighing  1,700  grams,  0.06  gram  of  potassium  picrate  (24.5 
grains  per  100  pounds)  daily  for  90  days;  slight  loss  of  weight  and  occadoiial 
diarriiea  were  noted,  but  nothing  more  serious."    (p.  69.) 

6.  A  rabbit  weighing  2,065  grams  died  at  the  end  of  19  days,  after  having  taken  2.52 

grams  of  the  substance,  or  854  grains  per  100  pounds  body  weight;  number  d 
doses  not  stated,    (p.  69.) 

7.  WeyPs  experiment  on  a  dog,  weight  not  given:  April  21-26, 0.24  gram  (3.7  grains) 

sodium  picrate  daily;  April  2^May  9,  0.36  gram  (5.5  grains)  daily;  total,  5.76 
grams  (8.9  grains)  sodium  picrate;  no  serious  disturbance;  May  13,  1.2  grama 
(18}  grains)  sodium  picrate  at  one  dose;  weakness  marked,  diarrhea  and  dyspnea 
next  day;  May  14,  0.6  gram  (9i  grains)  caused  vomiting;  evening  of  same  day, 
0.36  gram  (5.6  grains)  given;  May  15,  animal  lively;  0.24  gram  (3.7  grains) 
again  given,  and  on  evening  of  same  day  0.72  gram  (11.2  grains);  May  16, 
marked  weakness  of  animal,  and  0.16  gram  (2.5  grains)  given,  causing  vomiting; 
May  17, 0.17  gram  (2.6  grains)  given;  May  18  and  19,  animal  definitely  recovered, 
and  aside  from  strcmg  yellow  tinge  of  the  conjunctiva  and  skin,  no  abnormal 
conditions  manifest.  Animal  died  May  20  after  receiving  1.32  grams  (20.4 
grains)  potassium  picrate.  Weyl  concludes,  therefore,  that  dogs  are  resistant 
to  this  substance,  notwithstanding  the  prostration  and  the  blood  disorganiza- 
tion. 

8.  Weyl  summarizes  the  effect  on  humans  from  therapeutic  and  poisoning  cases  to 

the  effect  that  daily  doses  of  from  0.54  to  0.90  gram  (8.3  to  13.8  grains)  of  potas- 
sium picrate  are  easily  borne  by  healthy  adults  for  a  considerable  time;  children 
and  weak  adults  bear  picric  acid  badly,    (p.  70.) 

9.  "Picric  acid    ♦    ♦    ♦    is  poisonous    ♦    ♦    *."    (j>.96.) 

10.  Fraenkel  (p.  S72):  "On  the  other  hand,  this  substance  is  not  usable  for  internal 

administration  on  account  of  its  decomposing  the  red  blood  corpuscles,  and  of 
its  energetic  cramp  production,  as  well  as  on  account  of  its  disturbance  of  the 
kidneys,  and  the  ultimate  paralysis  of  the  respiratory  centers;  nevertheless, 
picric  acid  is  not  to  be  considered  a  violent  poison    *    *    *." 

11.  ScHACHEBL  {p.  1044)'.  "Picric  acid    ♦    ♦    ♦    (is),  according  to  numerous  state- 

ments in  Uie  literature,  poisonous  even  in  small  doses,  and  (is)  therefore  un- 
qualifiedly to  be  declared  as  unpemussible." 

12.  LiEBBB  (p.  16),  where  it  is  stated  to  be  forbidden  by  the  German  law,  and  is  also 

otherwise  substantially  the  same  as  Weyl  above  quoted. 

13.  Resolutions  of  the  Society  of  Swiss  Analytical  Chemists,  September,  1891:  "The 

following  are  to  be  regarded  as  coloring  matters  harmful  to  health:  *  *  * 
picric  acid    *    *    *." 

14.  Prohibited  by  the  Belgian  law  of  June  17, 1891. 

15.  Lewin  {Lehrbuch  der  Toxikohgu,  1897,  p,  tSi):  "Picric  acid  is  poisonous.    Rab- 

bits can  stand  daily  10  milligrams  of  a  green  containing  picric  acid,  but  not  20 
milligrams.    Their  death  is  accompanied  by  paralysis." 

16.  Bubs  lists  it  as  poisonous. 
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G.  T.2. 

Trade  names. — ^Victoria  Yellow;  Victoria  Orange;  Golden  Yellow; 
SafTron  Substitute;  Anilin  Orange;  Di-nitro-Cresol. 
SciervHiic  name. — ^Di-nitro-o-and-p-cresol. 
Shade. — ^Yellow.     Not  offered. 
Discovered. — 1869. 
Used  for  coloring  butter,  liqueurs,  etc. 

FAVORABLB. 

Nothing. 

UNPAVORABLE. 

1.  Prohibited  by  Confectioneis'  List. 

2.  Frasnkel  (p.  S72):  "On  the  other  hand  dinitro-cresol  is  much  more  intensely 

poisonous  (than  picric  acid),  which  is  probably  caused  by  its  greater  solubility 
in  water." 

3.  ScHACHEEL  (p.  1044):  *    *    *    Dinitro-cresol  [is],  according  to  numerous  state- 

ments in  the  literature,  poisonous  even  in  small  doses,  and  [is]  therefore  unquali- 
fiedly to  be  declared  as  unpermissible." 

4.  Resolutions  of  the  Society  of  Swiss  Analytical  Chemists,  September,  1891:  ''The 

following  are  to  be  regarded  as  coloring  matters  hannful  to  health    *    *    « 
Dinitro-cresol    *    *    ♦.*' 

5.  Forbidden  by  the  Canton  of  Teesin. 

6.  Weyl  (p.  SI):  ''I  have  shown  the  same  (i>oisonous  nature)  for  Dinitro-cresol  (Saf- 

fron Substitute).    (See  ZtB.  angew.  Chem.,  1888,  No.  12,  for  confirmation  of  my 
results  by  Gerlach.) " 

7.  "The  reverse  is  the  case  with  the  poisonous  dinitro-cresol  (Saffron  Substitute). " 

(p.  65.) 

8.  Weyl  describes  experiments  with  this  compound,    (pp.  71-85.) 

9.  Fourteen  rabbits  were  experimented  on,  of  which  13  died.    Amounts  administered 

in  the  fatal  cases  per  100  pounds  body  weight  were  (p.  74): 
Grains.  Qrains. 

189  175 

176  168 

175  175 

175  168 

175  168 

175  175 

175 
Of  12  experiments  on  dogs,  5  receiving  the  color  by  the  mouth  and  7  hypoder- 
mically,  3  cases  resulted  fatally;  the  fatal  case  by  the  mouth  requiring  38}  grains 
per  100  pounds  body  weight;  the  2  fatal  cases  hypodermically  represented  11  and 
20  grains  per  100  pounds  body  weight,  respectively,  although  140, 38.5, 31.6,  and 
35  grains  per  100  pounds  body  weight  by  the  mouth  were  borne  witiiout  fatal 
effect;  and  24J,  11.9,  9.8,  and  4.9  grains  per  100  pounds  body  weight,  hypo- 
dermically, were  also  borne  without  fatal  effect  (p.  75). 

10.  Weyl  (p.  P6):    "♦    ♦    ♦    Dinitro-cresol    ♦    ♦    ♦    are  [is]  poisonous;    ♦    ♦    ♦" 

11.  Prohibited  by  the  Belgian  law  of  June  17,  1891. 

12.  {ZU.  Nahr.  Oenussm.,  189t,  p.  S5S):  Recommended  as  an  insecticide,  1500  being 

sufficient  for  all  ordinary  purposes.    One  milligram  is  sufficient  to  kill  a  mouse; 
2  milligrams  recommended  for  killing  mice. 

13.  Wetl  {Handbvjch  der  Hygiene):  For  humans,  the  fatal  dose,  when  administered  by 

the  stomach,  appears  to  be  60  milligrams  per  kilo  body  weight,  or  43  grains  per 
100  pounds. 
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14.  "  The  president  of  the  Council  of  Oppehi  forbids  on  April  19, 1899,  the  use  of  Saf- 

fron Surrogate  for  coloring  food  products." 

15.  Lewin  {Lehrbuch  der  Toxiiologie,  1897,  p.  tSt):  ''Safl^tm  Surrogate    *    *    *, 

which  is  used  for  coloring  foodstufb,  is  poisonous.  It  appears  to  attack  the 
coloring  matter  of  the  blood,  and  produces,  in  the  case  of  dogs,  vcHniting,  crampe, 
and  convulsions.  *  «  «  Feathers  colored  with  Sa£bx)n  Surrogate  c&use 
burning  and  itching,  and  finally  blisters  on  the  hands  of  the  women  working 
with  them;  the  faces  were  also  similarly  affected,  and  this  was  accompanied  by 
loss  of  appetite  and  fever." 

16.  Buss  lists  it  as  poisonous. 

G.  T.  3. 

Trade  Thames. — ^Martius  Yellow;  Naphthol  Yellow;  Naphthylene  Yel- 
low; Naphthylamin  Yellow;  Manchester  Yellow;  Golden  Yellow*  Saf- 
fron Yellow;  Jaune  d'Or;  Jaune  Naphthol. 

Scientific  riame. — ^Dinitro-alpha-naphthol. 

Discovered. — 1864. 

Shade. — Yellow.    Not  offered. 

rAVOBABLE. 

Nothing. 

UNFAVOBABLS. 

1.  Prohibited  by  Confectioneis'  List. 

2.  Weyl  (p.  SI):  ''Cazeneuve  and  Lupine  pointed  out  the  poisonous  nature  of 

Martins  YeUow    ♦    *    ♦." 

3.  ''  This  body  (Chamber  of  Commerce  at  Sonnebeig)  recommends  for  the  prepara- 

tion of  children's  toys  three  colors,  the  poisonous  character  of  which  I  can 
demonstrate.    These  are  Martins  Yellow    *    *    *."    (p- S4.) 

4.  ^'For  instance,  for  preliminary  researches,  dogs  and  rabbits  have  value  for 

chemical  reasons.  The  condusions  derived  from  such  experiments  must  be 
accepted  with  great  deliberation,  since  it  happens  that  rabbits  will  bear  without 
injury  doses  which  will  seriously,  nay,  even  fatally,  act  upon  the  dog,  as  I 
have  already  shown  to  be  the  case  with  Martins  Yellow.**    (p.  56,) 

5.  Where  two  experiments  by  Cazeneuve  and  Lupine  are  referred  to,  in  which 

diarrhea,  vomiting,  and  albuminuria  were  produced  by  this  substance, 
(pp.  SS-^.) 

6.  Weyl's  own  experiments  on  4  dogs  showed  weakness,  vomiting,  dianhea,  and 

albuminuria  resulting  from  the  use  of  this  color;  the  amounts  of  color  admin- 
istered per  kilogram  of  body  weight  were  73,  17.5,  17.5,  and  11.3  milligrams, 
which  amount  to  51,  12,  12,  and  8  grains,  respectively,  per  100  pounds  of 
body  weight,    (p.  87.) 

7.  ''Martins  Yellow,  therefore,  belongs  to  the  injurious  colors.    As  a  coloring  matter 

for  food  and  drink  its  use  should  be  wholly  prohibited."    (p.  89.) 

8.  "  *    ♦    ♦    and  Martins  Yellow  are  poisonous;    *    ♦    *."    (p.  96.) 

9.  LEwm  (Lehrbuch  der  ToxHologie,  1897,  p.  tSl):  "like  Saffron  Surrogate,  it  is 

poisonous.  In  an  experiment  on  myself,  using  large  doses,  I  noticed  among 
others  the  general  yellow  coloration  of  the  skin.  In  a  poisoning  resulting 
fataUy  after  5  hours  with  Martins  Yellow,  vomiting,  yellow  coloration  of  the 
skin  and  mucous  membranes  were  observed;  whereas  the  autopsy  revealed, 
among  other  things,  hemorrhagic  gastritis.  (Jacobson,  Hosp.  Tid.,  18d8,  p. 
765.)" 
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10.  "  Such  small  amounts  as  are  used  for  the  colcning  of  pastry  are  said  to  be  non- 

poisonous.    {VUalil  boll  cMm.farm.t  1893,  p.  738.)''    (p,  tSl.) 

11.  Oasskbuyb  AMD  LtoNB  {Ccmpt.  rend.,  1885,  v.  101,  pp.  1167-1169)  say:  I.  "A 

dog  received  71  milligrams  per  kilogram  of  body  weight,  or  50  grains  per  100 
pounds  daily.  On  the  second  day  diarrhea  and  vomiting  ensued;  loss  of 
appetite  except  for  milk.  Thereafter  it  experienced  difficulties  in  breathing; 
suffered  albuminuria;  its  urine  was  colored;  it  died  on  the  sixth  day.  The 
autopsy  disclosed  considerable  congestion.  II.  A  dog  weighing  22  kilos 
received  400  milligrams  (19  milligrams  per  kilo  or  13  grains  per  100  pounds); 
this  caused  a  yellow  vomit;  next  day  it  received  600  milligrams  (27  milligrams 
per  kilo  or  17  grains  per  100  pounds),  which  caused  violent  diarrhea,  fever, 
thirst,  disinclination  for  all  food.  The  animal  was  killed;  the  autopsy  showed 
badly  congested  kidneys." 

12.  Prohibited  by  the  Belgian  law  of  June  17, 1891. 

13.  SChachbbl  (p.  2(W):    "♦    *    ♦    Martius  Yellow    *    ♦    *    [is],  according   to 

numerous  statements  in  the  literature,  poisonous  even  in  small  doses,  and  [is] 
therefore  unqualifiedly  to  be  declared  as  unpermissible.'' 

14.  Prohibited  by  law  in  Italy.    (See  Lieher,  p.  t4.) 

15.  Frabnkel  (p.  572):  **  This  substance  also  shows  poisonous  properties,  although 

it  is  less  poisonous  than  dinitro-cresol.'' 

16.  Resolutions  of  the  Society  of  Swiss  AntdyHcal  Chemists,  September,  1891:  "  The 

following  are  to  be  regarded  as  coloring  matters  harmful  to  health  *  *  * 
Martius  YeUow    *    ♦    *." 

17.  Forbidden  by  the  Oanton  of  Tessin. 

18.  Dietrich  (Zts.  Nahr.  Osmusm.,  1902,  v.  5,  p.  864):  ''A  lot  of  groats,  after  eating 

which  a  ftonily  became  sick,  was  found  to  be  free  from  ordinary  poisons,  but 
had  been  colored  with  Martius  Yellow/' 

19.  Bv80  lists  it  as  poisonous. 

DOUBTFUL. 

1.  WiNOORADOW  (Zts.  Nahrs,  Genussm.,  1908,  v.  6,  p.  589)  says  it  noticeably  retards 
digestive  action;  is  not  indifferent. 

G.  T.  4. 

Trade  names. — Sulphur  Yellow;  Sulphonaphthol  Acid  Yellow; 
Succinic;  Solid  Yellow;  Saffron  Yellow;  Jaune  Acide  C;  Jaune  Acide; 
Fast  Yellow;  Citronin;  Anilin  Yellow;  Acid  Yellow  S. 

Names  under  which  it  vxis  offered  on  the  United  States  market  as  a 
food  color  in  iS07.— Naphthol  YeUow  SLOZ;  Naphthol  YeUow  S; 
Naphthol  Yellow;  Naphthol  Yellow  L;  Yellow  F  Y;  Lemon  Yellow. 

Scientific  name. — ^Dinitro-alpha-naphthol-beta-monosulphonic  add. 

Discovered  and  patented. — 1879. 

Sh4ide. — ^Yellow.    Offered  by  10  out  of  12  sources. 

FAVOBABLE. 

1.  Permitted  by  Confectioners'  List. 

2.  Oazenbxtvb  and  L^fine  (Compt.  rend,,  1885,  v.  101,  pp.  1167-1169):  "A  dog 

received  each  day  for  5  days  32  milligrams  per  kilogram  of  body  weight,  or 
23  grains  per  100  pounds;  for  the  10  days  next  succeeding  it  received  four  times 
that  amount,  that  is,  133  milligrams  per  kilogram  of  body  weight,  or  93  grains 
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2.  Gazeneuyb  and  LAfinb  (Compt.  rend,,  1886,  v.  101,  pp,  11^-1269)— Continued. 

per  100  pounds;  for  the  10  days  next  succeeding  it  received  daily  twice  the  last 
amount,  or  266  milligraniB  per  kilogram  of  body  weight,  that  is,  186  grains  per 
100  pounds.  It  received  altogether  in  the  25  days  62}  grams,  or  964  grains. 
There  was  no  vomiting,  no  diarrhea,  and  no  albumen  in  the  urine  at  any 
time." 

3.  Wetl  (p.  si):  ***    *    *    not  poisonous  to  human  beings  and  dogs:  Naphthol 

YeUowS.    «    ♦    «." 

Weyl  describes  his  own  experiments  on  3  dogs,  giving  them,  respectively, 
417,  34,  and  100  milligrams  per  kilo  body  weight,  or  per  100  pounds  292,  24, 
and  70  grains,  respectively.  Whether  the  color  was  administered  by  the  mouth , 
or  injected  subcutaneously,  all  bodily  functions  appeared  to  remain  normal, 
and  it  was  only  in  the  case  of  repeated  doses  of  417  milligrams  per  kilogram 
of  body  weight,  or  292  grains  per  100  pounds,  that  albuminuria  appeared. 
(pp.  89-9t.) 

4.  ''Only  the  sulphonated  colors  Naphthol  Yellow    *    *    *    are  harmless  and  appli- 

cable to  the  coloring  of  food  and  drink."    {p,  96.) 

5.  Permitted  by  the  laws  of  Austria. 

6.  Permitted  by  the  law  of  Italy. 

7.  Permitted  by  the  law  of  France. 

S.  ScBACBEWblp.lOU): ''*    *    *    Naphthol  Yellow  S    ♦    ♦    ♦    possesses  no  pcn- 

sonous  properties." 
9.  Fraenkel  (p.  572):  ''Naphthol  Yellow  S  is  an  entirely  nonpoisonous  substance." 

10.  Meybb  (/.  Ataer.  Chem.  Soc.  1907,  v.  29,  p.  900):  One  hundred  milligrams  per 

kilogram  of  body  weight  for  the  initial  administration,  and  subsequent  admin- 
istrations increased  geometrically.  After  the  second  administration  intomit- 
tent  diarrhea  residted,  emphasized  by  increased  amounts  with  no  albumin  or 
sugar  in  the  urine;  continued  for  14  administrations;  so  that  in  14  administra- 
tions 147.58  grams  of  color  had  been  given;  the  initial  dose  is  70  grains  per  lOO 
poimds  of  body  weight,  and  the  average  daily  dose  of  the  total  administered 
is  394  grains  per  100  pounds  of  body  weight.  Urine  only  slightly  yellow  col- 
ored after  small  doses,  but  red  after  larger  doses. 

11.  LiBBEB  (p.  14S):  A  dog  received  36  milligrams  per  kilogram  of  body  weight,  or 

25.2  grains  per  100  pounds  once  a  day  seven  times  every  other  day;  during  the 
whole  period  the  dog  was  apparency  in  good  condition  with  no  bad  effects 
from  the  color. 

12.  Buss  lists  it  as  nonpoisonous. 

13.  Cazbnbuvb  and  Upine  (Compt  rend.,  1885,  v.  101,  pp.  1167-1169):  Three 

chronic  invalids  received  daily  from  2  to  4  grams  of  the  dye  in  cochets;  except 
slight  colic  and  diarrhea  nothing  abnormal. 

DOUBTFUL. 

1.  Lewin  (Lehrbueh  der  Toxxkologie,  1897,  p.  282):  "Acid  Yellow  S  is  said  to  be  able 

to  produce  dermatitis  on  frequent  contact  therewith." 

2.  WiNOOBADow  {Zts.  Nahr.  Genusem.,  1903,  v.  6,  p.  589)  says  it  noticeably  retards 

digestive  action;  is  not  indifferent. 

G.  T.  5. 

Trade  name. — ^Brilliant  Yellow;  Naphthol  Yellow  S  or  RS. 
ScienHficname. — ^Dinitro-alpha-naphthol-alpha-monosulphomcacid. 
Discovered  and  patented. — 1884. 
Shade. — ^Yellow.    Not  offered. 
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FAVOCABLE. 

1.  Permitted  by  Confectioners'  List. 

2.  Wbyi,  (pp,  92-94)'  Describee  experiments  on  2  dogs,  in  which  the  initial  dose 

was  532  milligrams  by  the  mouth,  and  17  milligrams  hypodermically,  per  kilo- 
gram of  body  weight,  respectively,  372  and  12  grains  per  100  poimds  of  body 
weight;  in  both  cases  the  urine  was  colored,  in  the  second  case  traces  of  albu- 
minuria resulted.    In  the  first  case  the  albimiinuria  was  ebubtful. 

3.  ''Brilliant  Yellow  is  not  poisonous,  even  in  large  doses,  when  administered  by  the 

stomach    *    *    *    the  albuminuria  was  very  slight,    (p.  94.) 

4.  "Only  the  sulphonated  colors    ♦    *    ♦    Brilliant  Yellow,  are  harmless,  and 

applicable  to  the  coloring  of  food  and  drink. "    (p.  96.) 

5.  ScHACHBRL    (p,    1044)'-  "    ♦    *    *    Brilliant    Yellow    ♦    ♦    ♦    possesses    no 

poifionous  properties. " 

6.  Frabnksl  {p.  572):  "For  the  same  reason    ♦    ♦    *    Brilliant  Yellow    ♦    ♦    ♦ 

is  without  effect. " 

G.  T.  6. 

Tradenames. — ^Aurantia;    Nitrodiphenylamin;    Imperial    Yellow; 
£[aiser  Yellow. 
Scientific  name. — ^Hexanitro-diphenylamin. 
Discovered,— 1S7S. 
Shade. — ^Yellow.    Not  offered. 


Nothing. 


FAVORABLE. 


UNFAVORABLB. 


1.  Wbyl  (p.  96):  "    ♦    ♦    ♦    Aurantia  suspicious. " 

2.  ScHACHBRL  (p.  1044):  *'    *    *    *    Aiuantia  [is]  according  to  numerous  statements 

in  the  literature  poisonous  even  in  small  doses,  and  [is]  therefore  unqualifiedly 
to  be  declared  as  unpermissible. " 

3.  Chlopin  (p.  116)  as  results  of  his  experiments  considers  it  injurious.    The  experi- 

mental data  are  as  follows: 

Experimental  data  by  Chlopin. 
[1  gram— 106  ing-i74.2  grains.] 


Date. 

Dose. 

Weight. 

24  hours' 
urine. 

General  condition  of  animal  and  urine. 

19Q2. 
Mir.  12 
13 

Oranu. 

1 
2 
8 

3 
8 
8 
3 

KUoa. 
9.4 

ec. 
450 
425 
400 

390 
410 
400 

Before  experiment  urine  and  dog  normal. 

Vomited  several  times;  urine  orange,  and  no  albumen. 

14 

Repeated  vomiting;  urine  dark  brown,  acid;  no  albumen;  dog 

15 

eats. 
No  vomiting;  urine  almost  black;  acid;  no  albumen. 

18 

No  vomiting;  urine  dark  brown,  acid;  no  albumen. 

10 

Vomiting:  urine  almost  black;  acid;  no  albimien. 
No  vomiting;  urine  almost  black,  acid;  no  albumen. 

20 

21 

425 

22-26 

9.3 

tion  normal. 
Gradually  color  of  urine  becomes  normal;  in  every  other  respect 
dog  is  weU. 

Total. 

18 

972910— Pull.  147—12- 
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4.  Frabnkbl  {p,  573):  "The  coloring  matter  called  Aurantia,  which  is  a  salt  of 

hexanitro-diphenylamin,  appears  to  be  poisonous  on  account  of  the  nitro  groupsy 
which  is  on  the  other  hand  denied  by  a  few  observers.  ** 

5.  Resolutions  of  the  Swiss  Analytical  Chemists,  September,  1891:  "The  following  are 

to  be  reg^ffded  as  coloring  matters  harmful  to  health  *  *  *  Aurantia 
*    #    »  » 

6.  Forbidden  by  thg  Canton  of  Tessin. 

7.  Lewin  (Lehrhiuh  der  Toxtkologie,  1897,  p,  tSt):  "Aurantia  has  a  poisonous  acticxi. 

After  wearing  gloves  for  8  hours  made  with  so-called  dogskin,  which  were  col- 
ored with  Aurantia,  a  man  suffered  confluent  blisters,  accompanied  by  itching. 
The  workmen  with  this  material  get  blisters  on  the  face  and  on  the  handw. 
Perspiration  increases  the  tendency  to  such  blisters. '' 

8.  Buss  lists  it  as  poisonous. 

G.  T.  8. 

Trade  names. — ^Acid  Yellow;  Fast  Yellow  G;  Acid  Yellow  Q;  Fast 
Yellow;  Fast  Yellow  extra;  Jaune  Acide;  New  Yellow  L. 

Names  under  which  it  vxis  offered  on  the  United  States  market  as  a 
food  color  in  J507.— Fast  YeUow  Y;  Fast  Yellow  G;  Acid  Yellow  Q 
pat.;  Fast  Yellow  053. 

Scientific  name. — ^Anudoazobenzene-disulphonate  with  some  sodium 
amidoazobenzene-monosulphonate. 

Discovered. — 1878. 

Shade. — Yellow.    Oflfered  by  5  out  of  12  sources. 


PAVORABLB. 


Permitted  by  Confectioners'  List. 

Gazeneuve  and  Upine  (BulL  de  Vacad.  de  mid.,  April  t7,  1886,  p.  648),  whete 

it  is  classified  among  the  *' nontoxic''  colors. 
Fbaenkel  (p.  S75),  where  it  is  stated  to  be  nonpoisonous. 


4.  Permitted  by  the  law  of  Austria. 

UNFAVORABLB. 

1.  Weyl  (p.  116):  "Poisonous  to  human  beings.    (?) " 

2.  Ohlopin  (p.  151)  considers  that  the  work  of  others  makes  this  a  suspicious  color. 

His  own  experimental  data  are  as  follows: 

Experimental  data  by  Chlopin, 

o.  T.  8  AND  ». 

[1  gram— 152  mg-106  grains.] 


Date. 

Doae. 

Weight. 

24hour8' 
urine. 

Oeneral  condition  of  animal  and  urine. 

1901. 
Mar.  11-13 

Gramt. 

KUoi. 

cc. 
310 

Dog  normal;  color  urine  normal;  add;  no  albumen. 
Do. 

14 

I 

6.6 

15 

Do. 

16 

Urine  greenlah  brown;  reddens  with  H^Oi  and  HCl;  no 

albumen. 
Color  same;  traces  of  albumen. 

17 

ao5 

380 
320 
280 
292 

18 

Color  less  Intense;  trace  of  albumen. 

Do. 
Urine  neenlah  brown;  albumoi  gone;  dog  Is  lirely. 
Bverythlng  nonnal. 

19 
20 

3 

6.4 

21 

6.6 

TotaL.... 

4 

Conclusion:  *' Suspicious." 
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3.  Buss  {Fanchungsber.  Hber  Leberumittelf  1896,  Vol.  Ill,  p,  173):  Is  legarded  as 

poisonous. 

4.  EoBEBT  (Lehrhueh  der  InUmcationen,  1899,  p,  SSS):  Listed  as  poisonous. 

5.  Lbwin  (Lehrhueh  der  Toxihologie,  1897,  p.  281)  says  ''produces  eczema/'  and 

cites  DeiUsche  Med,  Wochenschr.,  1891,  p.  45. 

G.  T.  9. 

Trade  names.— Fsst  Yellow  R;  Fast  Yellow;  Yellow  W. 
Name  under  vMck  it  was  offered  on  the  United  States  murlcet  as  a 
food  color  in  J  907. —Feist  Yellow  034. 

Scientific  nam^e. — Sodium  salt  of  amidoazotoluene-disulphonic  acid. 

Discovered  and  foiented. — 1878. 

Shade. — Yellow.    Oflfered  by  1  out  of  12  sources. 

FAVORABLE. 

1.  Pennitted  by  GonfectionerB'  List. 

2.  Wetl  (j>.  81):  *****    not  poisonous  to  human  beings  and  do^    *    *    * 

Solid  Yellow.*' 

3.  Cazenbuve  and  L^pikb  (Compt.  rend,,  1885,  v,  101,  pp,  1167-1169):  A.  A  dog 

received  42  milligrams  per  kilogram  oi  body  weight,  or  29  grains  per  100  pounds, 
for  5  days;  thereupon  received  four  times  that  amount  for  5  days,  or  168  milli- 
grams per  kilogram  body  weight,  or  117  grains  per  100  pounds;  for  the  10  days 
next  succeeding  it  received  daily  twice  the  last  dose,  or  336  milligrams  per 
kilogram  of  body  weight,  that  is,  235  grains  per  100  pounds;  it  then  received 
in  1  day  20  times  the  original  dose,  or  840  milligrams  per  kilogram  body 
weight,  that  is,  596  grains  per  100  pounds,  and  during  the  entire  period  nothing 
abnormal  was  noticed.  B.  Three  chronic  invalids  received  from  2  to  4  grains 
of  the  dye  daily;  except  colic  without  diarrhea  nothing  abnormal.  They  con- 
cluded that  this  dye  is  no  more  harmful  than  Naphthol  Yellow  S  (G.  T.  4). 

4.  Gazbneuve  and  Lupine  (Bull,  de  Vacad.  de  mid,,  1886,  p.  648):  Tolerated  by 

man,  well  or  sick. 

UNFAVORABLE. 

1.  Wetl  (p.  115):  ''Poisonous  to  human  beings.    (?)" 

2.  Chlopin  (p.  151):  Where  he  considers  that  the  work  of  others  makes  this  a  sus- 

picious color.  For  his  experimental  data  thereon  see  table  imder  G.  T.  8; 
Chlopin's  chemical  description  of  the  dye  used  applies  to  both  G.  T.  8  and  9. 

3.  KoBEBT  Lehrluch  der  Intoxicationen,  1898,  p,  886):  Listed  as  poisonous. 

G.  T.  11. 

Trade  names. — Sudan  I;  Carminaph. 

Names  under  which  it  was  offered  on  the  United  States  marJcet  <w  a 
food  color  in  1907. — Oil  Orange  7078;  Cerasin  Orange  I. 
Scientific  name. — ^Benzene-azo-betanaphthol. 
Discovered.— \%%Z. 
Shade. — Orange  Yellow.     Offered  by  2  out  of  12  sources. 

FAVORABLE. 

1.  Wetl  (p.  i25):  "Nonpoisonous    *    *    ♦    Soudan  I    *    ♦    ♦.»* 

2.  "Other  Azo-colors,    *    *    *    for  instance  Soudftn  I    *    *    *    fure  entirely  noQ- 

poisonous/'    (f,  148.) 
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UNFAVOBABLE. 

1.  Prohibited  by  ConfectioneiB'  List. 

2.  Wetl  (p.  119):  Dog  received  18  grams  in  6  doses  in  17  days,  and  remained  under 

observation  5  days  longer;  4  doses  of  168  milligrams  per  kilogram  body  weight 
(118  grains  per  100  pounds)  and  2  doses  of  420  milligrams  per  kilogram  body 
weight  (294  grains  per  100  pounds)  produced  colored  urine,  phenol  in  urine, 
vomiting  and  distinct  albimiinuria  beginning  with  the  third  dose.  From  the 
foregoing  Weyl  concludes  as  follows:  ''The  color  in  the  doses  administered  is 
not  entirely  harmless,  since  a  limited  albuminuria  seems  to  be  brought  about. " 

3.  Fraenkel  (p,  676):  **  It  is  not  wholly  harmless,  since  this  coloring  matter  aeems 

to  produce  a  slight  albimiiniuia.'* 

G.  T.  13. 

Trade  names. — ^Ponceau  4  G  B;  Crocein  Orange;  Brilliant  Orange; 
Orange  G  R  X. 

Names  under  which  it  was  offered  on  the  United  States  market  as  a 
food  color  in  1907. — Crocein  Orange  10234;  Crocein  Orange;  Crocein 
Orange  G;  Ponceau  4  GB. 

Scientific  name. — ^Anilin-azo-betanaphthol-monosulphonic  acid. 

Discovered. — 1878. 

Shade. — Orange  Yellow.    Offered  by  6  out  of  12  sources. 

FAVORABLE. 

1.  Permitted  by  Confectior.ers*  List. 

2.  Wbtl(p./^5):  "Nonpoisonous    ♦    «    «    Ponceau4GB    *    ♦    *." 

3.  Experiment  on  dog  in  doses  of  161  milligrams  per  kilogram  body  weight;  that  is, 

113  grains  per  100  pounds  body  weight,  apparently  produced  no  disturbance 
aside  from  coloring  of  the  urine,    (p.  1S4.) 

4.  Wetl  (p.  14S):  "Other  Azo-colors    ♦    *    ♦    for  instance    ♦    «    ♦    New  Coc- 

cin    *    *    *    are  entirely  nonpoisonous.'' 

5.  Weyl's  conclusion  reads  as  follows:  "This  color  can  be  regarded  as  nonpoisonous.'' 

6.  Fbaenkel  (p.  677):  "Ponceau  4GB  can  be  regarded  as  nonpoisonous. " 

UNFAVORABLE. 

1.  Excluded  by  law  of  Arstria. 

G.  T.  14. 

Trade  names. — Orange  G;  Orange  G  G. 

Names  under  which  it  was  offered  on  the  United  States  market  as  a 
food  color  in  1907. — Orange  G  G  crystals;  Orange  G. 

Scientific  name. — ^Anilin-azo-betanaphthol-disulphonic  acid  G. 

Discovered  and  patented. — 1878. 

SJiade. — Orange  Yellow.    Offered  by  2  out  of  12  sources. 
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PAYOBABLB. 

1.  Chlopin  examined  this  color,  and  his  experimental  data  are  as  follows: 

Experimental  data  by  CMopin, 

No.  1  (p.  Its), 
[1  gram^TS  mg— 51  grains.] 


86 


Dftte. 

Doae. 

Wd^it. 

urine. 

Oeneral  condition  of  animal  and  mine. 

1901. 
Apr.    4 

Oranu. 

1 

13.7 

525 
600 
090 
560 
680 
730 
765 

Nothing  abnormal;  no  albmnen. 

Urine  light  ohooolate  brown,  add;  no  albumen. 

2 

Urine  clear,  yellow,  bladdali  aheen;  no  albumen. 
Urine  dear,  dark  brown;  no  albumen;  faintly  alkaline. 
Do. 

Nothing  abnormal. 

10 

DoT 

Total. 

3 

No.2(p.iJ4). 
[1  gram- 110  mg^ios  grains.] 


1901. 
Not.   8 

8.4 

315 

Nothing  abnormal;  no  albumen. 
Do. 

12 

3 

13-14 

370 

Urine  oranfe  in  color,  add,  no  albumen;  in  other  respenta  nothing 
Do, 

15 

3 
3 
3 
8 

16 

260 
320 
210 
226 
205 

Do. 

17 

Do. 

18 

Do. 

20 

Do! 

21 

Do. 

Total. 

15 

Conclusion:  Nonpoisonous. 
1.  Excluded  by  Austrian  law. 


UNFAVO&ABLB. 


G.  T.  IS. 


Trade  names. — ^Ponceau  2  G;  Orange  R. 

ScierUiJic  name. — Sodium  salt  of  benzene-azo-beta-naphthol-disul- 
phonic  acid  R. 
Shade.— Bright  Red.    Not  oflfered. 


PAYORABLE. 

1.  Fennitted  by  OonfectionerB'  list. 

UKVAVORABLE. 


1.  Excluded  under  Austrian  law. 

2.  Excluded  under  Swiss  laws. 


G.  T.  16. 


Trade  nam£8. — ^Butter  Yellow;  Oil  Yellow. 
Scientifie  name. — ^Dimethyl-amido-azo-benzene. 
Discovered. — 1876. 
Shade.— Yellow.    Not  offered. 
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FATORABLB. 

1.  Wetl  (p.  SI):  ''Butter  Yellow  produces  no  disturbmnce  in  rabbits." 

TTMTATOBABLK. 

1.  Ghlopin  (p.  1S8):  Where  as  a  result  of  his  own  experiments  he  considers  it  poi- 
sonous.   His  experimental  data  are  as  iollows: 

Experimental  data  by  Chlopin. 

No.i. 

(1  gram-il59  mg-lU  groins.] 


Date. 

Dose. 

Weight. 

General  eoDdltkm  of  animal  and  urine. 

1902. 
May       6 

7-8 

Qnvu. 
3 

6.3 

BefE>Te  experiment  mine  normal;  after  a  few  lioars  x'omiting;  urine  not 

No  Tomlting;  eats  poorly;  more  tired  than  usuaL 
Dog  ffradually  becomes  normal. 
VomitlnE;  loss  appetite. 
Bepeatea  vomidiig. 

0-16 

10 

8 

17 

18 

VnTni^ng  conttnow.* 

No.  2. 
(1  gram— fS  mg— 67  gnlns.] 


1908. 
Feb.       6 
6 


«3 


ia4 


Before  experiment  dog  qnlte  normal;  add:  no  albumen. 

Vomiting  during  nisht;  dog  does  not  eat,  but  drinks;  urine  more  yellow 

than  normal;  add;  no  afburaeii;  in  the  evening  the  dog  waOced  and 

dranlc  water. 
Died  during  the  night;  thin  excreta  in  kennel;  wiUngej  showed  paralysis 

of  heart  as  caushig  death. 


No.  3. 
[1  gram— 167  mg- 117  grains.] 


1903. 

Feb.      8 

9 

10 

11 

12 

13 
14-16 

17 
18 
19 


S2 


»2 
2 


5.7 


Five  hours  after  administration  vomiting  and  invohmtary  thin  1 

Dog  does  not  eat;  drinks  much;  weak;  urine  dark  yellow;  no  vomit^ig. 

Do. 
Dog  lies  in  cage;  moves  slowly  ^i^ien  allowed  out  of  cage;  in  the  evening 

retch  ins. 
Dog  is  stul  weak,  hot  noefal  eonditftoo  somewhat  better;  urine  strikingly 

colored;  acid;  no  albumen. 
Befsan  to  eat;  no  albumen. 
Oeaeral  condition  improving  and  almost  normal;  lassitude  continues 

more  than  usual;  urme  normal  color;  add;  no  allnunen. 
In  the  evening  repeated  vomitinff;  loss  of  anetite. 
No  vomiting;  In  the  evening  botneniome;  does  not  est 
Stoob  normal;  striking  disturbance  of  movements;  paralysis  of  legs;  must 

spread  hind  legs  to  ramd;  ^i^ien  pushed  not  only  falls,  but  turns  on  his 

back;  sight  and  hearing  are  normal;  dog  died  at  night. 


1  This  dog  ran  away. 


s  Qrueblor's  make. 


sBerUnmaks. 


G.  T.  17,  18,  41. 


17.  Trade  names, — Chrysoidin  Y;  Chrysokiiii  crystals. 
Name  uvder  wJiich  it  vxis  offered  on  the  United  States  market  as  a 
food  color  in  1907. — Chrysoidin  Y. 

Scientific  name, — ^Anilin-azo-meta-phenylene-diamiii. 
Discovered, — 1875. 
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Shade. — Orange.    OflFered  by  2  out  of  12  sources. 

18.  Tradenames. — Chrysoidin  R;  Cerotin  Orange;  C  extra;  Gold 
Orange  for  cotton. 

Name  under  which  it  was  offered  on  the  United  States  mxirlcet  a^  a 
food  color  in  1907. — CSirysoidin  R. 

Scientific  name. — ^Anilin-azo-meta-tolylene-diamin. 

Shade. — ^Yellow  brown.    OflFered  by  1  out  of  12  sources. 

41.  Trade  nams. — Chrysoidin  R. 

Scientific  name. — ^Hydrochlorid  of  toluene-azo-meta-tolylene-di- 
amin. 

Discovered. — 1876. 

Shade. — Orange  Brown. 

(NoTB. — It  has  not  been  possible  accurately  to  differentiate  in  the  literature  as  to 
whether  Nos.  17, 18,  or  41,  or  all  three,  were  referred  to.) 

FAVORABLE. 

1.  Wetl(p.  2/5):  "Nonpoisonous    ♦    ♦    ♦    Chrysoidin    «    ♦    *» 

2.  Permitted  by  the  law  of  Italy. 

UNPAVORABLB. 

1.  Prohibited  by  Confectioners'  List. 

2.  Wetl  (p.  Its):  Experiment  on  dog,  giving  him  113  milligrams  per  kilogram  body 

weight,  or  79  grains  per  100  pounds  body  weight,  produced  a  slight  albimiinuria. 
In  a  second  experiment  a  dog  receiving  '*1  grain ''  ("grain''  is  evidently  a 
misprint  for  "gram  "  and  will  be  so  treated),  that  is,  105  milligrams  per  kilogram 
body  weight,  or  74  grains  per  100  pounds  body  weight,  daily  for  one  month,  did 
not  produce  albuminuria,  but  caused  a  loss  of  body  weight  of  about  12.5  per  cent. 
A  third  dog  receiving  about  2  milligrams  per  kilog^iam  body  weight,  or  about  1.5 
grains  per  100  pounds  body  weight  subcutaneously,  suffered  a  loss  of  20  per  cent 
of  its  body  weight  in  23  days;  dose  repeated  24  days  after  and  animal  kept 
under  observation  seven  days  longer  when  animal  was  normal. 

3.  Weyl  in  summarizing  experiments  on  these  three  dogs  concludes  as  follows: 

"Chrysoidin  produces,  according  to  my  investigations,  a  slight  albuminuria, 
and  notable  reduction  in  body  weight,  but -further  disturbance  has  not  been 
noted."     (p.  irr.) 

4.  Frabnkel  {p.  677):  "The  abovei-mentioned  Chrysoidin    ♦    ♦    ♦    produces  a 

slight  albuminuria,  and  a  notable  decrease  of  body  weight,  and  produces  ^tory 
eczema.'' 

5.  Lbwdy  (LehrbvJi  der  Toxtkologiey  1897,  p,  tSl):  ''Produces eczema,"  and  citee 

DcuUche  Med.  WocJitMchr.,  1891,  p.  45. 

G.  T.  28. 

Trade  name. — ^Archil  Substitute  V. 

Scientific  name. — Sodium  salt  of  para-nitrobenzene-azo-alpha-naph- 
thjlamin-parar^uli^onie  acid. 
Discovered  and  patented. — 1878. 
Shade.— B^.    Not  offered. 
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FAVOBABLB. 

1.  Pennitted  by  Confectioners'  List. 

2.  WBTL(p./i5):  "Nonpoisonous    ♦    *    *    Archil  Substitute    *    *    ♦." 

Describing  experiments  on  three  dogs,  as  follows:  A.  430  milligiamB  per 
kilogram  body  weight,  or  301  grains  per  100  pounds  body  weight,  on  each  of  two 
successive  days,  and  double  the  dose  on  the  fourth  day,  producing  no  vomiting, 
but  a  tendency  to  vomit,  a  slight  albuminuria  and  colored  urine.  B.  182  mil- 
ligrams per  kilogram  body  weight,  or  127  grains  per  100  pounds  body  weight, 
administered  daily  for  one  month;  results  similar  to  foregoing,  but  no  colored 
urine.  C.  105  milligrams  per  kilogram  body  weight,  or  116  grains  per  100  pounds 
body  weight  administered  subcutaneously,  produced  only  slight  albuminuria, 
and  no  reduction  in  body  weight,    (p.  It5.) 

G.  T.  43. 

Trade  mimes. — Orange  GT;  Orange  RN;  Orange  O;  Orange  N. 
SdentijU  name, — Sodium  salt  of  toluene-azo-beta-naphthol-eulpho- 
nic  acid. 

Discovered, — 1879. 

Shade, — Orange.     Not  offered. 

FAVORABLE. 

1.  Permitted  by  Confectioners'  List. 

UNFAVORABLB. 

1.  Excluded  by  Austrian  law. 

2.  Excluded  by  Swiss  laws. 

G.  T.  55. 

Trade  namss. — ^Ponceau  R;  Ponceau  2  R;  Ponceau  G  and  GR; 
Xylidin  Red;  Xylidin  Scarlet. 

Nam^s  under  which  it  was  offered  on  the  United  States  marlcet  as  a 
food  color  in  1907. — Scarlet;  Orange  R. 

Sdentijic  name, — Sodium  salt  of  xylene-azo-beta-naphthol-disul- 
phonic  acid. 

Shade, — Scarlet.     Offered  by  2  out  of  12  sources. 

BAVORABLB. 

1.  Permitted  by  Confectioners'  List. 

2.  Wbyl  (p.  SI):  "According  to  Cazeneuve  and  Lupine's  experiments  the  follow- 

ing are  not  poisonous  to  human  beings  and  dogs    ♦    *    ♦    Ponceau  R   *   *  *." 

3.  "Ponceau  R  (Ponceau  2  R,  Xylidin  Red,  Xylidin  Ponceau),  not  poisonous  to  dogs 

neither  by  administration  by  stomach  nor  injection  into  blood. "    (p.  115.) 

4.  "  Other  Azo  colors    *    ♦    *   Xylidin  Red    *    *    *    are  entirely  nonpoisonous." 

(p.  148.) 

5.  Frabnkbl(p.575):  "That  the  monazo  coloring  matters  examined  by  Cazeneuve 

and  L6pine,  as  already  above  stated,  were  nonpoisonous,  can  be  easily  explained 
by  the  constitution  of  these  substances,  lliese  two  investigators  examined 
♦    *    *    Ponceau  R    *    *    ♦." 
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6.  Lebbbb  (p.  140):  A  guinea  pig  received  310  milligrams  per  kilogram  body  weight 

or  217  grains  per  100  pounds  body  weight,  once  a  day  six  times  every  other  day; 
the  appetite  appeared  to  remain  good,  and  no  disturbances  were  noted. 

7.  Permitted  by  Austrian  law. 

8.  Permitted  by  Swiss  laws. 

9.  Cazenbuvb  and  Lupine  (BuU.  de  Vacad.  de  tnSd.f  1886,  p,  64S):  Tolerated  by 

man  well  or  sick. 
10.  Ohlopin  (p,  150)  classes  it  as  nonpoisonou^  on  his  own  experiments.    His  experi- 
mental data  are  as  follows: 

Experimental  data  by  Chlopin, 
(1  gram— 141  mg—  09  grains.] 


Date. 

Dose. 

Weight. 

34-lioiir8' 
urine. 

Qeneral  condition  of  animal  and  urine. 

19Q2. 
May    8 

Oram*. 
2 

KilOB. 

7.1 

ec. 
870 
851 
420 
290 
860 
800 
330 

Dog  and  urine  normal  and  no  albumen. 
Urine  ro8e'KX>l<xed;  no  albumen. 

2 

Color  normal;  no  albumen. 

Rose-colored  urine;  no  albumen. 

2 

Normal  color;  no  albumen. 

Ro(KMK>1orad;'  no  albumen. 

Color  and  oompoeition  normaL 

Total. 

6 

UNFAVORABLE. 

1.  Ph>hibited  by  the  ordinance  of  the  police  commissioner  in  France.    (See  lAeber, 

p.  50.) 

2.  Meter  (/.  Airur.  Chem.  Soe.  1907,  v,  29,  pp.  900-901):  The  dog  experimented 

on  showed  signs  of  paralysis  on  the  morning  of  the  seventh  day  at  8  o'clock, 
and  died  at  10.40  a.  m.,  after  having  received  a  total  of  32  grams  of  color,  of 
which  16  had  been  given  on  the  last  day.  The  initial  dose  was  70  grains  per 
100  pounds  body  weight;  the  total  weight  of  color  was  5,818  milligrams  per 
kilogram  body  weight,  or  4,073  grains  per  100  pounds;  the  average  daily  dose 
was  therefore  582  grains  per  100  pounds,  or  831  milligrams  per  kilogram  body 
weight. 

DOUBTFUL. 

1.  WiNOORADow  {Zts.  Nahr.  Oenustm.,  1908,  v.  6,  p.  589)  says  it  almost  completely 
inhibits  digestion. 

G.  T.  65. 

Trade  names, — Fast  Red  B;  Bordeaux  B;  Bordeaux  BL;  Bordeaux 
R  extra. 

Names  under  which  it  vxis  offered  on  the  United  States  marJcet  as  a 
food  color  in  i507.— Bordeaux  B;  Claret  Red. 

ScierOific  nam^. — ^Alphanaphthylamin-azo-betanaphthol-disulpho- 
nic  acid. 

Discovered.— 1S7S. 

Shade. — ^Red.    Offered  by  2  out  of  12  sources. 
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FAVOBABLE. 

1.  Pennitted  by  Confectionere'  List. 

2.  Weyl  (p.  llS):  "Bordeaux  Red  (Fast  Red  B)  not  poisonous  to  human  beings." 

3.  "Other  Azo  colore    ♦    ♦    ♦    Fast  lied  B    ♦    «    «    are  entirely  nonpoisonoue." 

(p.  148,) 

4.  Fraenkel  (p.  57S):  "That the  monoazo coloring mattere  examined  by  Cazeneuye 

and  Lupine,  as  already  above  stated,  are  nonpoisonous,  can  be  easily  explained 
by  the  constitution  of  these  substances.  These  two  investigatore  examined 
♦    ♦    *    Bordeaux  B." 

5.  Arloing  and  Cazeneuye  (Archives  de  phynoloffie,  1887,  pp.  S5&^9S):  As  a  result 

of  this  work,  which  is  divided  into  three  parts — (1)  Stating  the  effect  of  direct 
introduction  of  the  color  into  the  circulation;  (2)  intravenous  injections;  (3) 
comparing  the  effects  of  injections  of  color  and  of  salt;  and  (4)  feeding  by  the 
mouth — ^these  investigatore  conclude  that  these  coloring  mattere  are  toxic  only 
in  extremely  laige  doses;  that  when  given  to  dogs  with  their  food  that  no  incon- 
venience of  any  kind  results;  this  is  based  upon  experiments  on  three  dogs, 
covering  145  days,  where  each  dog  received  per  kilogram  of  initial  body  weight 
in  the  first  case  20,307  milligrams,  or  14,213  grains  per  100  pounds  initial  body 
weight;  in  the  second  case,  29,690  milligimms,  or  20,713  grains  per  100  pounds 
initial  body  weight;  and  in  the  third  case,  28,154  milligrams,  or  19,758  grains 
per  100  pounds  initial  body  weight.  Per  day  this  means  98  grains  per  100 
pounds  initial  body  weight  in  the  first  case;  in  the  second  case,  143  gndns  per 
100  pounds  initial  body  weight;  and  in  the  third  case,  137  grains  per  100  pounds 
initial  body  weight. 

6.  Cazeneuye  (Arch,  ghi,  de  mid.,  1886,  p,  753)  says  it  may  be  taken  without  efifect 

by  man  or  animals,  sick  or  well,  in  large  doses. 

7.  Cazeneuye  and  Lupine  {Bvll.  de  Vacad.  de  mid.,  1886,  p.  648):  Tolerated  by  man 

well  or  sick. 

G.  T.  70. 

Trade  name. — ^Azarin  S. 

Sdentijic  name. — ^Ammonium   bisulphite  compound   of   dichloro- 
phenol-azo-beta-naphthol. 
Shade, — Red.    Not  offered. 

FAYOHABLE. 

1.  Permitted  by  Confectioners*  List. 

2.  Weyl(p.  ii5):  "Nonpoisonous    *    ♦    ♦    Azarin  8    ♦    «    «." 

3.  Experiments  on  five  dogs;  three  fed  by  the  mouth;  two  treated  hypod^mically, 

of  which  latter  one  died.  The  first  dog  received  1,367  milligrams  per  kilogram 
body  weight  in  25  days;  that  Lb,  54.7  kilograms  per  day  on  the  average,  or  a  total 
of  957  grains  per  100  pounds  of  body  weight;  that  is,  38  grains  per  100  poimds 
body  weight  per  day.  The  second  dog  received  a  total  of  1,942  milligrams  per 
kilogram  body  weight  in  20  days,  or  97  milligrams  per  kilogram  body  weight  pa 
day,  which  amounts  to  a  total  of  1,359  grains  per  100  pounds  body  weight,  or  68 
grains  per  100  pounds  body  weight  per  day.  In  both  cases  a  distinct  amount  of 
albumen  was  present  in  the  urine,  and  the  urine  evolved  sulphurous  acid  on  treats 
ment  with  hydrochloric  acid.  The  third  dog  received  hypodermically  three 
doses  in  eight  days,  each  dose  being  213  milligrams  per  kilogram  body  wei^t; 
that  is,  149  grains  per  100  {>ounds  body  weight;  no  bad  effects,    (p.  ISS.) 

3.  ''Administered  by  the  stomach  Azarin  S  is  harmless.  **    {p.  1S4-) 

4.  "Other  Azo  colors,    *    *    *    for  instance  Azarin  S,  are  entirely  nonpoisonous. ** 

(p.  148.) 

5.  Fraenkel  (p.  S78) :  "Azarin  S  administered  by  the  stomach  is  entirely  harmless. " 
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UNFATOBABLE. 

1.  Wbtl  (p,  1S4Y  ^^^'i  weight  not  given;  received  5  cc  of  Azarin  S  paste  by  injec- 

tion into  the  abdominal  cavity,  and  survived  three  days.  *'The  cause  of  death 
was  considered  to  bo  peritonitis  without  effusion.  The  resiilt  of  this  post- 
mortem is  of  much  interest.  The  red  spots  consiBted,  as  was  determined  by 
chemical  analysis,  of  the  azo  color  which  is  the  basis  of  the  Azarin  S.  Conse- 
quently in  the  peritoneal  cavity  the  same  splitting  up  of  the  Azarin  S  had 
occurred  which  ti^es  place  when  it  is  attached  to  textiles. '' 

2.  Frabnkel  0>.  St 8):  To  the  same  effect. 

G.  T.  78. 

Trade  name. — ^Erika  B. 

Sdendjic    name. — Sodium   salt   of    methyl-benzenyl-amido-thio- 
xylenol-azo-alpha-naphthol-disulphoiiic  acid. 
Discovered  and  patented. — 1889. 
Shade. — Rose  Pink.    Not  offered. 


Nothing. 


FAVORABLE. 


XrNFAVOBABLB. 


1 .  Chlopin  (p.  15S) :  Based  on  his  own  experiments  considers  it  as  not  harmless.    The 
experimental  data  are  as  follows : 

Experimental  data  by  Chlopin. 
[1  gram— 125  mg— 87.6  gnliiB.] 


Bate. 

Dose. 

Weight. 

24  boon' 
urine. 

Oeneral  condition  of  animal  and  urine. 

1901. 

Oram*. 
2 

EUos. 
8.0 

ce. 
392 
400 
430 
300 
390 
293 
350 
390 
402 
350 

Dog  nonnal;  urine  add:  no  albumen. 

TTrfne  of  rme  fihade;  Inngniflcant  tracer  of  albumen;  add. 

11 

Color  same;  no  albumenT 

12 

2 

Do. 

13 

Do. 

\t 

Urine  3rellow,  greeniah  shade;  traces  of  albumen. 

Color  nonnal;  no  albumen. 

16 
17 

2 

8.2 

Urine  wine  yeUev.  orange,  add;  no  albumen. 

18 

Dog  quite  well;  urine  orange;  no  albumen. 

Total. 

6 

G.  T.  84. 

Trade  nmaes. — Resorcin  Yellow;  Tropseolin  O;  TropaBolin  R; 
Chrysoin;  Chryseolin;  Yellow  T;  Gold  Yellow;  Acme  Yellow. 

Nam^  under  which  it  vxis  offered  on  the  United  States  marJcet  as  a 
food  color  in  1907.— Chrysoin  REZ;  Resorcin  0275. 

Scientific  name. — Sodium  salt  of  para-sulphobenzene-azo-resorcinol. 

Discovered. — 1875. 

Shade. — Reddish  yellow.    Offered  by  2  out  of  12  sources. 
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«  FATORABLI. 

1.  Chlopin  (pp.  131-t)  ezAmined  this  color  physiologiically,  and  has  HMmfifrd  it  i 
hannlMB.    The  experimental  data  are  as  follows: 

Experimental  data  by  Chlopin, 

No.  1  (p.  W), 

n  graiii«48  mg^dO  gnlos.] 


DtU, 

DOM. 

Wdfht. 

24  boms' 
nrtiM. 

a«nenlo(Hiditioa  of  animal  end  urine. 

1901. 

Ormwu. 

jn»ot. 

28.00 

500 

Dof  quite  weU;  urine  nonnaloolar,  add;  no  albumen. 

tL21 
•  a70 
12L00 

11 

Urine  add;  no  albumen. 

12 

No  STmptoms  of  poiaonlng;  eata. 
Urfne  dark  brown;  no  albumen. 

13 

460 
620 
580 

14 

Do. 

17 

Urine  normal  odor;  no  albumen;  dog  is  weU. 

Totd.. 

18.21 
«a70 

No.  2. 
[1  gram- 156  mc- 100  grains.] 


1901. 
Got  9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22-26 

Total... 


10 


6u4 


7.0 


80 
350 


800 
336 
290 
290 
875 
800 


820 
360 
360 


Dog  weU;  urine  yellow;  no  albumen. 

Do. 
Urine  brown,  add;  no  albumen. 
Urine  U^t  brown,  add;  no  albumen. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Urine  li^t  brown,  add,  no  albumen;  dlarrtiea. 
Brown  yellow,  add,  no  albumen  -nodianbea. 
Urine  nonnal;  dog  is  welL 

Do. 


>  Internally.  *  Subcutaneoualy. 

2.  Permitted  by  the  law  of  Italy. 

UNTAYOBABLB. 

1.  Forbidden  by  the  Confectioners'  List. 

DOUBTFUL. 

1.  WiNOGBADOw  {Zt$.  Nahr,  Oenuiem.,  190S,  v.  6,  p.  SS9)  says  it  noticeably  retards 
digestive  action;  not  indifferent. 

G.  T.  85. 

Tradenames. — Orangel;  Alphanaphthol Orange;  Naphthol Orange; 
TropcBolin  000;  Orange  B. 

Names  under  which  it  vxis  offered  on  the  United  States  marJcet  as  a 
food  color  in  iS07.— Orange  RZ;  Orange  027. 

Scientific  nafne. — Sodium  salt  of  para-sulphobenzene-azo-alpha- 
naphthol. 

Discovered. — 1876. 

Shade. — Orange.    Offered  by  2  out  of  12  sources. 
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FAVORABLE. 

1.  Pennitted  by  Confectioners' List. 

2.  Wbyl  (p.  SI):  "According  to  Cazeneuve  and  Lupine's  experiments,  the  following 

are  not  poisonous  to  human  beings  and  dogs:    ♦    ♦    ♦    Orange    *    *    *." 

3.  ^'Orange  I  (Alpha-naphthol  Orange,  Tropseolin  000)  not  poisonous  to  dogs  neither 

by  administration  by  stomach,  nor  by  injection  into  blood."  (On  authority  of 
Oizeneuve  and  Lupine.)    (p.  115.) 

4.  WsTL  (pp,  12Sf  148)  refers  to  this  as  not  poisonous. 

5.  Permitted  by  the  law  of  Italy. 

6.  Permitted  by  the  law  of  Austria. 

7.  Cazenbuyb  {Arch,  gin.  de  mSd,,  1886,  Vol.  J,  p.  753)  says  it  may  be  taken  without 

effect  by  man  or  animals,  sick  or  well,  in  large  doses. 

8.  Cazenbuyb  and  L^pinb  (BiUl.  de  Vaoad.  de  mid.,  1886,  p.  64S):  Tolerated  by  man, 

well  or  sick. 

G.  T.  86. 

Trade  names. — Orange  11;  Betanaphthol  Orange;  Trop»olin  000 
No.  2;  Mandarin  G  extra;  Chrysaurein;  Gold  Orange;  Orange  extra; 
Atlas  Orange;  Orange  A. 

Names  under  which  it  vxis  offered  on  the  United  States  marJcet  as  a 
food  color  in  iS07.— Naphthol  Yellow  SLOZ;  Orange  II;  Orange; 
Orange  Y;  Mandarin  G  extra;  Orange  A  1201;  Orange  A  extra. 

Scientific  name. — Sodium  salt  of  para-sulphobenzene-azo-beta- 
naphthol. 

Discovered. — 1876. 

Shade. — Orange.    OflFered  by  8  out  of  12  sources. 

FAVORABLB. 

1.  Permitted  by  law  in  Italy. 

2.  Frentzel  (Zts.  Nakr.  Genussm.,  1901,  v.  4,  p.  974)  says  that  according  to  his  experi- 

ments this  color,  in  the  small  amounts  in  which  it  is  used  in  food  products  and 
which  can  enter  the  human  system  in  the  course  of  24  hours,  can  hardly,  even 
with  frequent  administration,  cause  a  harmful  effect. 

3.  Frbntzbl  (Zts.  Nakr.  Gtnmam.,  1901,  v.  4,  pp.  968-974):  Experimented  on  rabbits, 

giving  dye  with  food,  a  total  of  21  grams  in  19  days,  a  total  of  8,748  milligrams 
per  kilogram  body  weight,  or  6,133  grains  per  100  pounds  body  weight,  in  doees 
of  1  gram  each,  daily  for  the  first  15  days,  or  about  417  milligrams  per  kilogram 
of  body  weight,  or  292  grains  per  100  pounds  body  weight  per  dose  for  these  15 
doses;  the  color  could  only  be  detected  in  the  mine,  and  the  feces  became 
softer.  A  dog  was  given  1,020  milligrams  per  kilogram  body  weight,  or  714 
grains  per  100  pounds  body  weight,  and  showed  distinct  kidney  irritation,  great 
thirst,  and  diarrhea;  recovery  required  about  one  week;  and  thereafter  the  same 
animal  was  fed  by  the  mouth  one-twentieth  of  the  above  dose  each  day  for  9 
successive  days  without  any  untoward  effect.  A  second  dog  received  per  kilo- 
gram of  body  weight  172  milligrams,  or  121  grains  per  100  pounds  body  wei^t, 
and  it,  like  the  first  dog,  in  the  first  experiment,  showed  kidney  irritation, 
diarrhea,  and  great  thirst.  On  humans  100  milligrams,  or  1}  grains,  colored 
the  mine  within  15  minutes,  and  this  color  remained  for  24  hours;  there  was  no 
sign  of  vomiting  or  diarrhea;  the  bitter  taote  of  the  color  was  noticeable. 
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UNFAYORABLB. 

1.  Forbidden  by  ConfectionerB'  List. 

2.  Forbidden  by  Swiss  Analytical  chemists. 

3.  Wbyl  (p.  J15):  "Poisonous  Orange  IL    ♦    •    ♦." 

4.  ''Betanaphthol  Orange  is,  therefore,  according  to  Experimesit  I,  pc^mmaoB  in 

small  doses  when  administered  by  the  stomach,  and  suffices  to  kill  an  ordinarily 
large  strong  dog/'    (p.  12S) 

5.  A.  Weyl's  own  experiments  on  two  dogs,  the  initial  dose  in  one  case  bdng  476 

milligrams  per  kilogram  body  weight,  or  333  grains  per  100  pounds  body  weight; 
the  animal  receiving  in  the  course  of  20  days,  in  four  doses,  1,333  milligrains 
per  kilogram  body  weight,  or  933  grains  per  100  pounds  body  wei^t;  or  335 
milligrams  per  dose  per  kilogram  body  weight;  that  is,  226  grains  per  dose  per 
100  pounds  body  weight.  The  animal  died,  and  suffered  dianfaea  and  albumi- 
nuria, and  its  urine  was  colored  red  throughout  the  entire  period.  B.  The 
second  dog  received  hypodermically  per  kilogram  body  weight,  116  milligiamB, 
or  61  grains  per  100  pounds  body  weight;  its  urine  was  colored;  albuminuria, 
dianhea,  loss  of  hair,  abscesses,  and  loss  of  weight  occurred.  It  required  36 
days  to  recover  from  four  dosee  administered  during  one  week.  C.  A  rabbit 
received  1,333  milligrams  per  kilogram  body  weight,  or  933  grains  per  100 
poimds  body  wei^t,  and  died  within  12  hours,    (p.  122) 

6.  "Of  the  23  Azo  colors  subjected  to  examination  only  two    ♦    »    *    Orange  II 

produce(B)  such  effects  when  administered  by  the  stomach  that  we  can  con- 
sider it  poisonous.  With  dogs  the  lethal  dose  is  leas  than  1  gram  per  kilo  of 
the  body  weight  of  Orange  II    *    ♦    «."    (p,  147.) 

7.  "Further  Orange  II,  which  is  poisonous    *    *    *." 

8.  "The  poisonous  qualities  of  Orange  II." 

9.  "Further,  in  spite  of  the  presence  of  the  sulpho  groups,  colors  may  be  pmsonous, 

as  is  shown  with  Orange  II."    (p.  148.) 

10.  Chlopin  (Zt$.  Nakr.  Oentusm.,  1902,  v.  5,  p.  241):  A.  A  dog  received  349  milli- 

giams  per  kilogram  body  weight,  or  244  grains  per  100  pounds  body  weigjit  for 
the  first  day  of  experiment,  which  dose  was  repeated  on  the  third  and  fourth 
days;  nothing  untoward  is  noted  for  the  first  three  days  in  the  condition  of  the 
dog;  the  urine  was  dark  red  but  free  from  albumen;  on  the  fifth  and  sixth  da3rB 
two-thirds  of  the  above  amount  was  given,  and  on  the  seventh  and  e^th  days 
the  original  dose  was  given.  On  the  four&  day  the  animal  was  frisky  and  bad 
a  good  api>etite  but  was  vomiting;  on  the  fifth  day  vomiting  stepped,  but 
diarrhea  ensued,  which  diarrhea  continued  for  one  week;  the  weight  remained 
practically  constant;  the  urine  was  colored  throughout  from  dark  red  to  orange 
red  and  dark  brown  and  became  normal  the  fourth  day  after  the  last  administra- 
tion. B .  Humans:  Chlopin  took  200  milligrams,  or  Z^ grains,  in  agelatin  capsule 
at  3  p.  m.;  at  4.30  p.  m.  the  urine  was  colored  a  strong  red  orange;  at  6  p.  m. 
a  dryneoB  of  throat  and  bad  taste  in  mouth  appeared;  at  6.30  p.  m.  felt  very 
badly;  vertigo  and  unable  to  remain  seated  and  continue  writing;  blood  rushed 
to  head;  the  general  condition  very  poor;  somewhat  improved  by  moving 
about  in  open  air;  7.30  felt  so  poorly  took  Glauber's  salt  as  an  antidote;  11  p.  m. 
ill  condition  still  continuing;  urine  n(»rmal  yellow;  midnight  recovered. 

Chlopin  states  that  he  would  not  repeat  this  experiment  on  himself,  or  on 
any  other  human,  and  he  concludes  therefore  that  this  color  must  be  regarded 
as  harmful. 

11.  Chlopin  (p.  ISS)  classes  it  as  "harmful."    The  experimental  data  are  as  follows: 
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Experimental  data  by  Chlopin. 
[1  gram— 116  mg— 81  grains.) 


Date. 

Doee. 

Weight. 

24-houis' 
urine. 

General  condition  of  animal  and  urine. 

1901. 
May  27 

OTttfM. 
3 

Ki2ot. 
8.6 

cc. 
850 
340 
350 
350 

335 
330 
350 
315 
376 

Dog  is  quite  well;  urine  normal. 

29 

3 
3 

2 
2 
3 
3 

Do. 

30 

Diarrhea  and  vomiting  at  night,  no  albumen;  urine  orange  red, 

add,  no  albumen. 
Diarrhea  continues;  no  albumen;  novomithig. 
Diarrhea  continues;  dog  lively,  eats  with  reUsh;  no  albumen. 
Urine  brown  orange,  acid,  no  albumen;  diarrhea  continues. 
Urine  clear;  no  albumen:  diarrhea  continues. 
TJrlne  dark  brown;  no  albumen;  diarrhea  decreases. 

31 

June    1 

2 

3 

4 

8.2 

5 

Diarrhea  still  less;  no  albumen.' 

6 

8.W 

Diarrhea  very  slight;  urine  slightly  orance,  no  albimien. 
Urine  normal  in  color  and  composition;  diarrhea  stopped. 

8 

350 

^.. 

19 

12.  Buss  lists  it  as  poisonous. 

DOUBTFUL. 

1.  WiNOGRADOW  (Zts.  Nokr.  Oenussm.,  190S,  v.  fi,  p.  589)  says  it  almost  completely 
inhibits  digestion. 

G.  T.  87. 

Trade  names. — Orange  III;  Helianthin;  Tropaeolin  D;  Methyl 
Orange;  Dimethylanilin  Orange. 

Scientific  name. — Sodium  salt  of  para-sulphobenzene-azo-dimethy- 
lanilin. 

Discovered. — 1876. 

Shade. — Orange  Yellow.     Not  offered. 

FAVORABLE. 

1.  Pennitted  by  the  law  of  Italy. 

UNFAVORABLE. 

1.  Chlopin  (pp.  145,  14S)  on  his  own  experiments  classes  it  as  poisonous.    The 
experimental  data  are  as  follows: 

Experimental  data  by  Chlopin. 
No.i. 
[1  gram— 163  mg— 114  grains.] 


Date. 


Dose.       Weight 


24-hours' 
urine. 


Qeneral  condition  of  animal  and  urine. 


Sept. 


1901. 
Aug.   39 


Onms. 


KQoa. 
ft.  14 


310 

250 
330 
305 

ao5 


Little. 
Little. 
Little. 


Total. 


10 


Before  experiment  dog  quite  normal;  color  urine  usual,  add, 
no  albumen. 
Do. 

Color  of  urine  daric  yellow:  no  albumen. 

Urine  brown;  reddish  witn  sulphuric  add;  no  albumen. 
Do. 
Do. 
Do. 
Do. 

Urine  dark  brown;  no  albumen;  vomiting. 

Paresis  of  hind  lea:  dog  does  not  eat,  but  drinks  with  avidity. 

Complete  ataxia,  which  became  general  on  the  9th;  dog  can  not 
move  In  straight  line,  and  walks  in  circles,  and  drops  nls  head 
on  things  and  falls;  after  falling  arises  with  difficulty  and 
stands  with  widely  spread  feet,  continuouslv  lifting  now  one 
then  the  other;  extremities  diake;  oo  11th  cuiy  sat  with  diffi- 
cultv;  placed  on  his  feet,  maintained  equilibrium  with  dif- 
ficulty: Involuntarily  lifts  one  paw  and  moves  It  about  In  the 
air;  animal  can  stiU  swalk>w;  eyes  respond  to  Ught;  does  not 
eat:  on  the  12th  the  hind  legs  completely  paralyzed;  on  the 
14th  vomlttng  and  jparalyils  of  the  front  legs;  lies  quietly 
without  moving;  is  killed.  Autopsy  shows  no  change  In  in- 
ternal organs  except  hyperemia  in  the  lumbar  region  of  the 
"spinal  column  (t)  bordering  between  anterior  and  lateral 
columns,"  causing  death  by  paralysis  of  the  heart. 
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Experimental  data  by  CMopin — Oontmued. 

No.  2. 

[1  gram— 149  mg— 104.3  grains.] 


Date. 

Dose. 

Weight. 

24hoiirB' 
lulne. 

Geooral  oondition  of  animal  and  nrioe. 

igoi. 

Dec.      3 

4 

Oram$. 
3 

KOot. 
6.7 

■  litaV.* 

Little. 

A  few  hoora  after  giving  color  dog  in  tremors;  does  not  est. 
Urine  black;  add;  noalbmnen;  paralysia  of  the  extzcmitiea. 
Dog  lies  in  cage  in  full  paralysis;  died  before  dinner,  no  albu- 
men in  mine;  cause  of  death,  paralysb  of  heart. 

5 

2.  Meter  (/.  Arner,  Chm.  8oc.,  1907,  v.  i9,  p.  900):  Dog  receiving  113  milligiains 
per  kilogram  body  weight ;  that  ia,  79  grains  per  100  pounds  body  weight.  Result, 
diarrhea,  which  continued  throughout  17  days,  although  only  3  doses  of  the 
same  size  were  given  in  6  days;  thereafter  the  dose  was  increased  geometrically; 
the  diarrhea  continued;  the  coloring  matter  was  discharged  in  the  urine  and 
the  feces;  there  was  no  abnormal  condition  revealed  by  the  autopsy. 

DOUBTFUL. 

1.  WiNOGRADow  (Zt8,  NaJw,  Oenussm,,  1903,  v.  6,  p.  589)  says  it  noticeably  retarda 
digestive  action;  is  not  indifferent. 

G.  T.  88. 

Trade  names, — Diphenylamin  Orange;  Orange  IV;  TropsBolin  GO; 
Orange  M;  Fast  Yellow;  Orange  G  S;  New  Yellow;  Orange  N;  Acid 
YeUow  D. 

Scientijic  name. — Sodium  salt  of  para-sulphobenzene-azo-diphenyl- 
amin. 

Discovered, — 1876. 

SJiade, — Orange  Yellow.    Not  oflFered. 

FAVORABLE. 

1.  Weyl  (p.  ii5):  "Nonpoisonous    *    ♦    ♦    Diphenylamin  Orange    ♦    •    » 

2.  *    ♦    ♦    Diphenylamin  Orange  is    *    *    *    nonpoisonbus.'*    (p.  ISt,) 

3.  ''For  instance,  the  poisonous  Metanil  Yellow  corresponds  to  the  nonpoisoiiouB 

Diphenylamin  Orange.*'    (p.  14S.) 

4.  The  experiments  on  which  Weyl  based  the  conclusions  above  may  be  summarized 

as  follows:  A.  A  dog  received  183  milligrams  per  kilogram  body  weight,  or 
128  grains  per  100  pounds  body  weight.  The  urine  was  rendered  black,  and 
contained  traces  of  phenol  and  abundant  albumen;  this  condition  lasted  for 
72  hours,  at  the  end  of  which  110  milligrams  per  kilogram  body  weight,  or 
77  grains  per  100  pounds  body  weight,  were  administered;  urine  ^i>ecame 
colorless  and  albumen  diminished.  Five  days  afterwards  a  total  of  10  grams, 
or  366  milligrams  per  kilogram  body  weight,  or  256  grains  per  100  pounds 
body  weight,  were  administered;  the  urine  became  abundant,  was  strongly 
black,  alkaline,  contained  albumen.  The  loss  of  weight  was  1  kilogram,  or 
about  3i  per  cent.  B .  A  dog  received  308  milligrams  per  kilogram,  or  216  grains 
per  100  pounds  body  wei^t,  as  the  initial  dose;  albuminuria  did  not  result 
until  after  repeated  dosing  same  as  initial  dose,  and  administered  for  2  weeks. 
6.  WeyFs  conclusions  are  as  follows:  "According  to  the  above  investigations, 
Diphenylamin  Orange  causes  albuminuria,  but  further  disturbances  did  not 
appear  during  the  several  weeks'  observations  on  the  fuumals  usedt*' 
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6.  Chlopin  {p.  148)  examined  this  color  and  claasee  it  as  nonpoisonous.    The  ex- 
perimental data  are  as  follows: 

Experimental  data  by  Chlopin. 


[1  gram- 145  mg- 100  grains.] 

Date. 

Dose. 

Weight. 

24  boms' 
urine. 

General  condition  of  animal  and  mine. 

190L 
Oct.  27 
28 

{Trsnit. 
3 

KOot. 

7 

cc. 
300 

Dog  quite  normal;  mine  color  normal;  no  albumen. 
Urine  dark  brown;  add;  no  albumen. 

20 

3 
3 
3 
3 
3 
3 

Do. 

30 

Do. 

31 

Do. 

Not.    1 

Urine  yellow,  with  sulphuric  add  red;  no  albumen. 

2 

340 

Orange  with  orange  sheen;  no  albumen. 

3 

6.6 

4 

276 
300 

Urine  brown  yellow;  add;  no  albumen. 
Do. 

6 

3 

6 

6.7 

Do. 

Total. 

24 

7.  Frabnkbl  (pp.  577, 678)  to  the  same  effect  as  Veyl,  as  above. 

8.  Permitted  by  the  law  of  Italy. 

UmrAYORABLX. 

1.  Prohibited  by  ConfectioneiB'  List. 

G.  T.  89. 

Trade  names. — ^Brilliant  Yellow  S;  Yellow  WR;  Curcumin. 

Names  under  which  it  vxls  offered  on  the  United  States  marJcet  as  a 
food  color  in  iS07.— Brilliant  Yellow  S. 

Scientific  name, — Sodium  salt  of  para-sulphobenzene-azo-diphenyl- 
amin-suphonic  acid. 

Shade. — Yellow.     OflFered  by  1  out  of  12  sources. 

FAVORABLE. 

1.  LiBBBR  (p.  1S6):  A  very  young  rabbit  received  six  doses  on  alternate  days,  each 
dose  amounting  to  320  miUigiams  per  kilogram  of  body  weight,  or  224  grains  per 
100  pounds  of  body  weight.  No  untoward  symptoms  are  recorded;  the  body 
weight  increased  almost  10  per  cent  in  11  days. 


Nothing. 


UNFAVORABLE. 

G.  T.  92. 


Trade  names. — Azo  Acid  Yellow;  Azoflavin;  Azo  Yellow;  Indian 
YeUow. 

Scientific  name. — ^Mixture  of  nitrated  diphenylamin  yellow  with 
nitro-diphenylamin. 

Discovered. — 1880. 

Shade. — ^Yellow.     Not  oflfered. 
97291**— Bull.  147—12 ^7 
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FAVORABLE. 

1.  Chlopin  (p.  Its)  examined  this  color  and  classifies  it  as  nonpoisonous.    The  ex- 
perimental data  are  as  follows: 

Experimental  data  by  Chlopin, 

No.  1. 

[1  gram— 125  mg— 87.5  grains.] 


Date. 

Doee. 

Weight. 

24  hours' 
mine. 

General  condition  of  animal  and'mtne. 

1901. 
Apr.    6 

OrafM. 
2 

SXot. 
8 

cc. 
370 

Little. 

Dog  normal;  orine  add;  no  albumen. 
Urme  reddish  orange;  add;  no  albumen. 
Do. 

10 

3 

11 

600 
430 

Urine  red;  no  albumen. 

12 

Total. 

5 

Conclusion:  Nonpoisonous. 


No.2(p.l»). 
[1  gram— 143  mg— 100  gndns.] 


Date. 

Dose. 

Weight. 

24  hours' 
urine. 

General  condition  of  ftn^iri^l  and  uilne. 

1901. 
Apr.  12 
14 

Chmnu, 
2 
3 

7 

cc. 
430 
610 
600 
400 

Dog  normal;  urine  add;  no  albumen. 
Do. 

16 

Urine  dark  yellow;  add;  no  albumen. 
Urine  almost  normal  color;  acid;  no  albumen. 

16 

TotaL. 

5 

Conclusion:  Showed  no  harmful  effects. 
2.  Permitted  by  law  in  Italy. 

UNFAYOHABLE. 

Nothing. 

DOUBTFUL. 

1.  WiNOGRADOw  (Zts.  Nohr,  GentLssm.,  1903,  v.  tf,  p,  589)  says  it  almost  completely 
inhibits  digestion;  noticeably  retards  digestive  action;  is  not  indifferent. 

G.  T.  93. 

Trade  name. — ^Azo-fuchsin  G. 

ScierUific  name. — Sodium  salt   of  para-sulphobenzene-azo-diozj- 
naphthalene-sulphonic  acid. 
Discovered. — 1889. 
Shade. — Reddish  brown.     Not  oflfered. 

FAYOBABLE. 

1.  Chlopin  (pp.  126, 127)  examined  this  color  and  classifies  it  as  nonpoisonous.    The 
experimental  data  are  as  follows: 
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Experimental  data  by  Chlopin. 

No.  1. 
[1  gram— 117  mg— 82  grains.] 


Date. 

Dose. 

Wdght. 

urine. 

General  condition  of  animal  and  urine. 

1901 
May    3 

Orams. 
2 

8.5 

cc. 
300 
363 
390 
380 

386 
420 
292 

Dog  well  and  nonnal;  urine  acid;  no  albumen. 
Urine  (diocolate  brown:  add;  no  albumen. 

2 

Do. 

2 

no  albumen. 
Urine  slightly  greenish;  acid;  no  albumen. 

Dark  chooolate  brown;  acid;  no  albumen. 

8.7 

Urine  normal;  dog  is  well. 

Total. 

e 

No.  2. 
[1  gram— 125  mg— 87.5  grafais.] 


1901. 
Oct    9 

8.0 

390 
310 

10 

2 
2 

11 

12 

380 
325 

13 

2 

14 

15 

2 
2 

396 

10 

17 

397 
325 
380 
246 
420 

18 

2 

19 

20 

21 

8.4 

Total. 

12 

Dog  quite  normal;  urine  acid;  no  albumen. 

Do. 
Urine  slightly  more  yellow;  no  albumen. 
Urine  dark  brown;  add;  no  albumen. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Urine  almost  black;  add;  no  albumen. 
Urine  almost  black;  add;  no  albumen;  mine  of  lighter  odor. 

Do. 


Nothing. 


UNFAVORABLE. 


DOUBTFUL. 


1.  WmooRADow  (Zt8.  Nakr,  GenuBsm.,  1908,  v.  6,  p.  689)  saye  it  almoet  completely 
InhibitB  digestion. 

G.  T.  IH. 

Trade  names. — ^Tartrazin;  Hydrazin  Yellow. 

Names  under  which  it  vxis  offered  on  the  United  States  marlcet  as  a 
food  color  in  1907. — ^Flavazein  Red  Shade  Z;  Tartraziii;  Add  Yel- 
low AT. 

Sdentijic  name. — Sodium  salt  of  benzene-azo-pyrazaloneK^arboxy- 
disulphonic  acid. 

Discovered. — 1884. 

Shade. — Yellow.     Offered  by  6  out  of  12  sources. 

DOUBTFUL. 

1.  LiSBBB  (p,  184)''  Dogy  2  months  old,  received,  per  kilo,  body  weight,  37  milli- 
grams, or  26  grains  per  100  pounds  body  weight,  six  times,  on  alternate  days. 
The  animal  suffered  from  mild  diarrhea  at  the  start,  which  continued  with 
greater  cr  less  activity  than  at  the  start  throughout  the  test. 
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2.  MsTBB  (/.  Amer.  Chem.  Soc.,  1907,  v,  29,  p.  897):  Dog  received  100  millignums 
per  kilogram  body  wei^t,  or  70  grains  per  100  pounds,  increaaed  in  geoia^zic 
proportion  for  6  consecutive  days,  at  the  end  of  which  time  diarrhea  set  in. 
On  that  day  2,000  milligrams  per  kilogram  body  weight,  or  1,400  grains  per  100 
pounds  body  weight,  were  administ^ed;  this  was  about  two-thirds  as  much  as 
the  animal  had  received  in  all  the  5  days  preceding;  the  feces  were  colored 
after  the  first  administration,  and  the  urine  was  also  colored;  albuminuria 
doubtful. 
8.  FrabnkblO>p.  210  and  216):  Tartrann,  according  to  the  Greoi  Tables,  is  a 
derivative  of  isopyimzdon;  ^**  *  *  only  those  substances  which  are  deri- 
vatives of  pyraxolcMi  are  antipyretics,  the  isopyrazolon  derivatives  are,  how- 
ever, poisonous/'  Tartrazin  is  also  closely  related  to  the  antipyrin  class  of 
compounds,  which  class  is  known  to  possess  an  irritant  action  and  also  a  de- 
pressing action  on  the  circulation.  Tartrazin  also  contains  benzol  groaps, 
which  are  said  to  increase  the  physiological  activity  of  pyrazolon  derivatives. 

G.  T.  95. 

Trade  names. — ^Metanil  Yellow;  Orange  MN;  Tropadolin  G. 

Names  under  which  it  was  offered  on  the  United  States  market  as  a 
food  color  in  1907. — ^Victoria  Yellow  cone.  Z;  Yellow  MXX  cone. 

Scientific  name, — Sodium  salt  of  meta-sulphobenzene-azo  diphenjl- 
amin. 

Discovered. — 1879. 

Shade. — Orange.    Offered  by  2  out  of  12  sources. 

FAVORABLE. 

1.  Frbntzbl  {Zt$.  Nahr.  Genussm.,  1901,  v.  4,  p.  974):  A.  A  rabbit  recdved  379 

milligrams  per  kilogram  body  weight,  or  265  grains  per  100  pounds  body  weight; 
no  color  administered  for  2  days,  and  then  administered  at  intermittent  periods, 
so  as  to  receive  6  doees  in  19  days.  Total  weight  administered  per  Idlogram 
body  weight  2,085  milligrams,  or  1,460  grains  per  100  pounds,  which  is  equivalent 
to  77  grains  per  day  per  100  poimds;  the  color  could  always  be  detected  in  the 
urine,  and  the  feces  became  softer.  B.  A  dog  received  581  milligrams  p^ 
kilogram  body  weight  at  one  dose ;  that  is,  407  grains  per  100  pounds  body  wei^t. 
There  was  no  vomiting  and  no  diarrhea;  the  dye  persisted  in  the  urine  for  72 
hours.  C.  The  same  dog,  after  recovering  from  the  foregoing,  received  daily 
one-tenth  the  above  dose  for  9  days;  the  dyestuff  was  found  in  the  urine  and  the 
feces  and  movements  were  normal;  dissection  showed  nothing  abnormal. 
D.  A  human  swallowed  100  milligrams,  or  1.5  grains;  no  untoward  symptoms 
are  recorded;  the  urine  remained  colored  for  24  horns.  From  the  foregoing 
Frentzel  concludes  that  this  coloring  matter  is  absolutely  harmless. 

2.  Chlopin  (Zt8.  Nahr.  Genussm.,  1902,  v.  5,  p.  241):  A.  A  dog  received  305  milli- 

grams per  kilogram  body  weight;  that  is,  104  grains  per  100  pounds  body  weig^; 
no  color  administered  for  four  days;  the  same  dose  was  given  on  alternate  days 
six  times,  and  the  dose  was  increased  50  per  cent,  and  that  dose  administmd 
twice,  and  the  original  dose  was  given  on  the  next  alternate  day;  altogether  the 
animal  received  per  kilogram  body  weigjit,  3,355  milligrams,  or  1,144  grams 
per  100  poimds  body  weight,  in  a  period  of  22  days,  or  an  average  of  153  milli- 
grams per  kilogram  body  weigjit  per  day,  or  52  grains  per  day  per  100  pounds 
body  weight.  At  the  end  of  the  twelfth  day  albuminuria  set  in,  and  it  required 
three  weeks  after  ceasing  the  administration  of  the  color  for  ^e  albuminuria 
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2.  Chlopin  (ZU.  Nahr.  Genussm.f  1902 ,  v.  5,  p.  £41)— Contimied, 

to  disappear;  the  urine  was  colored  throughout  the  period  of  dosing,  and  it  was 
not  until  10  days  after  the  last  color  had  been  administered  that  the  urine 
regained  normal  color;  otherwise  the  animal  was  well  throughout.  B.  Hu- 
mans: Two  hundred  milligramsi  or  ^  grains  taken  at  3  p.  m.,  October  30, 
1901,  colored  the  urine  so  highly  yellow  that  it  could  be  dyed  with.  Apart 
from  the  bitter  taste  of  the  product  no  untoward  symptoms  are  recorded.  C. 
Chlopin's  conclusion  (Zts.  Nahr.  Oenussm.,  1902 ^  v.  5,  p.  244):  ''Metanil  Yellow 
is  not  poisonous  to  dogs  in  doses  of  from  2  to  3  grams  per  day,  nor  to  humans 
in  doses  of  0.2  grams  per  day,  and  may  therefore  perhaps  be  regarded  as  non- 
poisonous  from  a  practical  point  of  view." 

UNFAVORABLE. 

1.  WbyI/  (p.  115):  "Poisonous    *    ♦    ♦    Metanil  Yellow." 

2.  Says  the  product  smelled  strongly  of  diphenylamin.    (p.  ISO.) 

3.  A.  "Metanil  Yellow  must  be  considered  poisonous  when  administered  by  the 

stomach  from  the  indications  of  Experiments  1  and  2.  The  lethal  dose,  which 
is  determined  by  Experiment  2,  is  0.53  grams  per  kilo  body  weight."  This 
lethal  dose  is  371  grains  per  100  pounds  body  weight.  B.  A  dog  received  862 
milligrams  per  kilogram  body  weight,  or  603  grains  per  100  pounds  body  weight. 
This  caused  vomiting;  the  same  dose  was  repeated  24  hoius  afterwards,  the 
^niTOftl  again  vomiting.  The  ftninml  died  within  96  hours  from  the  first  admin- 
istration. C.  A  dog  received  89  milligrams  per  kilogram  body  weight,  or  62 
grains  per  100  pounds  body  weight;  the  urine  became  colored  about  96  hours 
after  administration;  5  days  after  the  first  administration  the  animal  was  given 
10  times  the  original  dose;  vomiting  set  in  within  one  hour;  in  24  hours  the 
urine  was  deeper  colored;  a  week  later  after  the  dose  last  preceding,  one-half 
of  that  dose  was  given,  and  the  animal  died  within  24  hours;  the  animal  had 
lost  during  this  period  approximately  one-qiiarter  its  origiaal  weight,    (p.  ISt,) 

4  ««♦  «  «  Metanil  Yellow  ♦  ♦  ♦  produce[s]  such  effects  when  administered 
by  the  stomach  that  we  can  consider  them  [it]  poisonous."    (p.  147.) 

6.  "The  poisonous  qualities  of  *  *  *  MetanU  Yellow;  the  poisonous  Metanil 
YeUow."    (p.  148.) 

6.  Frabnksl  (p.  S78):  "A  dog  weighing  11  kilograms  was  killed  by  20  grams  of 

this  coloring  matter  within  four  days,  whereas  the  isomeric  Diphenylamin 
Orange  is  nonpoisonous,  and  it  must  first  be  considered  if  the  poisonous  nature 
of  this  substance  can  be  explained  by  the  easy  liberation  of  diphenylamin 
from  It,  since  this  coloring  matter,  in  and  of  itself,  has  a  strong  odor  of  diphenyla- 
min." 

7.  Chlopin  (p.  141):  Based  on  his  own  experiments  considers  it  "Not  quite  harm- 

less."   The  experimental  data  are  as  follows: 

Expenmental  data  by  Chlopin. 
[1  gram  — 153  mg  — 107  grains.] 


Dtte. 

Doee. 

Weight. 

24  hours' 
urine. 

General  condition  of  animal  and  urine. 

1901. 

Qromt. 

JTOm. 
6.56 

890 
350 
808 
800 
870 

quite  normal. 

urine  unusual  oolor:  acM*  nA  aihrmMn. 

2 

20 

Do. 

21 

Urine  orange;  add;  no  albumen. 
Do. 

22 

2 

23 

Do. 

24 

2 

880 
832 
820 
865 

Do. 

26 

Urine  dark  brown,  no  albumen. 
Do. 

20 

2 

27 

Do. 
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Experimental  data  by  Chlopin — Contmued. 


Date. 

Dose. 

• 

Weight. 

24  hours' 
urine. 

Oenenl  condition  of  animal  and  orlne. 

IWl. 
Mayg 

Omnu. 
2 

Kilot. 

ec. 
330 
350 
350 
356 
400 
340 
330 
400 
306 
390 
330 
336 

Urine  dark  brown,  no  albumen. 

Do. 

30 

2 

Do. 

31 

Do. 

June    1 

2 

Urine  brown;  traces  of  albumen. 

2 

Do. 

Do. 

3 

Do. 

Do. 

3 

Do. 

Do. 

8 

2 

Do. 

9-29 

6.6 

Color  of  urine  normal  June  18,  on  29th  albumen  dlsB^jpeais.  I>ok 
isweU. 

Totol.. 

22 

8.  Chlopin  {p.  141):  On  authority  of  others  not  stated,  classes  this  color  as  harmful 

or  poisonous. 

9.  Prohibited  by  the  laws  of  Italy. 

10.  Prohibited  by  Confectioners'  List. 

11.  Prohibited  by  the  Resolutions  of  the  Society  of  Swiss  Analytical  ChemistB,  Sep- 

tember, 1891. 

12.  Buss  lists  it  as  i>oisonous. 

DOUBTFUL. 

1.  WiNOORADOW  (Zto.  Nahr,  OenuMfn.j  190S,  v,  6,  p.  689)  says  that  it  noticeably 
retards  digestion. 

G.  T.  97. 

Trade  names. — Orange  T;  Mandarin  G  R;  Orange  R;  Kermesin 
Orange. 

Name  under  which  it  vxia  offered  on  the  United  States  market  as  a 
food  color  in  1907. — Orange  2  R. 

Scientific  7ut/me. — Sodium  salt  of  sulpho-ortho-toluene-azo-beta- 
naphthol. 

Shade. — Orange.    Offered  by  1  out  of  12  sources. 


Nothing. 


FAVORABLE. 
UNFAVORABLE. 


1.  Chlopin  (p.  125):  Based  on  his  own  experiments  considers  this  color  i 
ful.''    The  experimental  data  are  as  follows: 

No.l. 


'hann- 


Date. 

Dose. 

Weight. 

24  boon' 
urine. 

General  condition  of  animal  and  urine. 

1901. 
Apr.    4 

Qmmt. 

1 

KUo9, 

ec. 
310 
280 
420 
670 
370 
250 

330 

NothiTig  abnormal. 

Urine  reddish  brown;  traces  of  albnmen;  acM. 

8 

Do. 

Urine  dark  brown:  acid;  traces  of  albumen. 

Color  of  urine  wealrer;  no  albumen. 

Almost  normal-colored  urine;  no  albumen;  dog  is  irall  and 

lively. 
Nothing  abnormal. 

10 

Total.. 

4 
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Date. 

Dose. 

Weight. 

24boui8' 
urine. 

General  condition  of  animal  and  urine. 

1902. 
Jan.   25 

26 

Oranu. 
2 

Km. 

4.6 

ec. 
200 

Soon  after  giying  color  heavy  vomiting  and  diarrhea;  dog  does 

not  eat  or  drink  the  rest  of  the  day;  urine  acid;  no  albumen. 
VomitiQg  and  diarrhea  covitinxied;  dog  is  tired  and  nm  down. 

27 

and  began  to  eat;  urine  dark  brown  and  no  albumen. 
Urine  same;  dog  livelier. 

28 
20 

2 
2 

4.3 

180 
200 

Diarrhea  and  vomiting  stopped;  urine  of  brown  color;  add;  no 

albumen. 
Urine  orange;  no  albumen;  acid. 

Total- 

6 

G.  T.  102. 

Tradenames, — Fast  Red;  Roccellin;  Cerasin;  Rubidin;  Fast  Red 
A;  Rauracienne;  Orcellin  No.  4. 

Scientific  name. — Sodium  salt  of  pai-a-siilphonaphthalene-azo-beta- 
Qaphthol. 

Shade. — ^Brownish  red.    Not  oflFered. 

Discovered  and  patented. — 1877. 


FAYORABLB. 


1.  Permitted  by  the  law  of  Italy. 

2.  Permitted  by  the  law  of  Austria. 

3.  Gazenkuyb  {Arch.  gen.  de  rrUd.,  1886,  p.  758)  eays  it  may  be  taken  without  effect 

by  man  or  animals,  sick  or  well,  in  large  doses. 

4.  Cazenbuye  and  Lupine  (Bull,  de  Vacad.  de  mid.  1886,  p.  648):  Tolerated  by  man 

well  or  sick. 

G.  T.  103. 

Trade  names. — ^Azorubin  S;  Carmoisin;  Azo  Acid  Rubin;  Fast  Red 
C;  Azorubin  A. 

Names  under  which  it  vxis  offered  on  (he  United  States  TnarJcet  as  a 
food  color  in  1907. — Claret  Red  RZ;  Cardinal  3  B;  Azorubin;  Car- 
moisin B. 

Scientijic  ruime. — Sodium  salt  of  para-sulphonaphthalene-azo- 
alpha-naphthol-para-sulphonic  acid. 

Discovered  and  patented. — 1883. 

Shade. — Red.    Oflfered  by  6  out  of  12  sources. 

FAYOBABLB. 

1.  Permitted  by  Confectioners'  List. 

2.  Cazbnbuyb  and  Upinb:  Not  poisonous  to  human  beings. 

3.  Mbteb  (/.  Amer.  Chem.  Soc.  1907,  v.  t9,  p.  898):  One  hundred  milligrams  per 

kilogram  body  weight,  or  70  grains  per  100  pounds  body  weight  administered, 
increased  geometrically;  diarrhea  was  marked  only  after  administration  of 
exceptionally  large  doses  (the  seventh  day);  the  stools  were  deep  violet  and 
the  urine  was  carmine,  becoming  dark;  the  autopsy  developed  nothing  abnor- 
mal; the  whole  interior  was  of  a  red  color. 
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4.  LiBBBR  (p.  138):  A  guinea  pig  received  once  a  day  six  tdmee  every  other  day 
241  milligrams  per  kilogram  body  weight,  or  169  grains  per  100  pounds  l>ody 
weight;  appetite  remained  good  throughout,  and  aside  from  an  occaaional 
thirstinees  noted  no  \mtoward  observations  were  recorded. 

G.  T.  105. 

Trade  names. — Fast  Red  E;  Fast  Red. 

Names  under  which  it  was  offered  on  the  United  States  market  as  a 
food  color  in  iS07.— Qaret  Red  RZ. 

Scientific  name. — Sodium  salt  of  para-sulphonaphthalene-azo-beta- 
naphthol-monosulphonic  acid. 

Discovered  and  patented. — 1878. 

Shade. — Red.    Offered  by  1  out  of  12  sources. 

FAVORABLE. 

1.  Permitted  by  Confectioners*  List. 

2.  Meyer  (/.  Amer,  Chem.  Soe.  1907 ^  v.  fP,  p.  898):  Initial  dose  100  milligrams  per 

kilogram  body  weight  or  70  grains  per  100  pounds,  and  given  three  times 
increased  geometrically  once  before  diarrhea  was  observed;  there  was  no 
albumen  in  the  lurine;  urine  was  colored  deep  red;  feces  colored  red  at  the 
start,  at  the  end  of  the  experiment  chocolate  brown;  autopsy  showed  all  partB 
to  be  substantially  normal. 

3.  Oazeneuvb  and  L±fise  (Compt.  rend.,  1886,  v.  101,  pp.  82S-8X7):  A.   Dog: 

Weight  21.5  kilo,  received  as  follows: 


Days. 

Qrams. 

Mimgrams 
perldlo. 

Qrainsper 
100  pounds. 

32 
20 

8 
10 

5 

afiOO 
2.150 
4.300 
&000 

laooo 

23.2 

loao 
2oao 

232.0 
462.0 

16.2 

mo 

14a  0 
162.0 
324.0 

Nothing  abnormal  except  occasional  greenish  urine;  no  vomiting;  no  diarrhea. 
B.  Man:  1.  One  of  the  experimenters  took  1  gram,  dissolved  in  wine,  daily 
for  15  days;  no  effect.  2.  A  man  aged  25,  afflicted  with  albimiinuria,  received 
the  following: 


Days. 

Grams. 

3 
2 

1 

as 

1.0 
2.0 

Caused  colic  without  diarrhea;  amount  of  urine  or  albumen  not  affected.  3. 
Three  men  afflicted  with  Bright's  disease  received  each  daily  for  8  days  1  gram; 
no  effect  on  the  albumen.  4.  A  30-year-old  man  chronic  invalid  took  4  grama 
one  day,  6  grams  the  next  day;  no  effect  was  observed. 
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4.  Abbloino  and  Gazenbuye  {ArMves  de  phytMogie,  1887 ,  pp.  S56-^9S):  As  the 
roeolt  of  this  work,  which  is  divided  into  four  parts:  (1)  Stating  the  effect  of 
direct  introduction  of  the  color  into  the  circulation;  (2)  intravenous  injections; 
(3)  comparing  the  effects  of  injections  of  color  and  of  salt;  and  (4)  feeding  by 
the  mouth — these  investigators  conclude  that  these  coloring  matters  are  toxic 
only  in  extremely  laige  doses;  that  when  given  to  dogs  with  their  food  no 
inconvenience  of  any  kind  results;  this  is  based  upon  experiments  upon  three 
dogs,  covering  145  days,  where  each  dog  received,  per  kilogram  initial  body 
weight,  in  the  fiist  case,  20,307  milligrams,  or  14,215  grains  per  100  poimds 
initial  body  weight;  in  the  second  case,  29,590  milligrams,  or  20,713  grains 
per  100  pounds  initial  body  weight;  in  the  third  case,  28,154  milligrams,  or 
19,758  grains  per  100  pounds  initial  body  weight.  Per  day  this  would  mean  98 
grains  per  100  pounds  initial  body  weight  in  the  first  case;  in  the  second  case 
the  daily  dose  was  143  grains  per  100  pounds  initial  body  weight;  and  in  the 
third  case  the  daily  dose  was  137  grains  per  100  pounds  initial  body  weight. 

G.  T.  106. 

Trade  names. — New  Coccin;  Cochineal  Red  A;  Brilliant  Scarlet; 
Crocein  Scarlet  4  BX. 

Names  under  which  it  was  offered  on  the  United  States  marJcet  as  a 
food  color  in  1907. — Claret  Red  RZ;  Crocein  Scarlet;  New  Coccin; 
Scarlet  L;  Brilliant  Scarlet  4  R. 

Sdefrvtific  name. — Sodium  salt  of  para-sulphonaphthalene-azo-beta- 
naphthol-disulphonic  acid  (G.). 

Discovered. — 1878.    Offered  by  6  out  of  12  sources. 

Shade.— ReA. 

FAVORABLB. 

1.  CAeBKxuvB  AND  LUPINE.    (See  Weyl,  p.  lis.) 

2.  Wbtl  (p.  31):  ^**    *    *    not  poisonous  to  human  beings  and  dogs,     »    *    ♦ 

Purple    •    ♦    »" 

3.  Gazbnbutb  and  LI^pinb  {Bull,  de  Vacad.  de  mid.,  1886,  p.  643):,  Tolerated  by  man, 

sick  or  well. 

UNFAVORABLE. 

1.  Prohibited  by  Confectioners'  List. 

G.  T.  107. 

Trade  names.— Fast  Red  D;  Azo  Acid  Rubin  2  B;  Fast  Red  E  B; 
Bordeaux  S;  Amaranth. 

Names  under  which  it  was  offered  on  the  United  Staies  marJcet  as  a 
food  color  in  1907. — Claret  Red  RZ;  Red;  Amaranth  B  (Azo  color 
similar  to);  Bordeaux  S;  Naphthol  Red  S;  Amaranth. 

Sdenlijic  nam£. — Sodium  salt  of  para-sulphonaphthalene-azo-beta- 
naphthol-disulphonic  acid  (R). 

Discovered  and  patented. — 1878. 

Shade. — ^Red.    Offered  by  7  out  of  12  sources. 
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FAVORABLE. 

1.  Cazbnbuyb  and  Li^iNB  (see  Weylf  p.  115):  Not  poisonous  to  human  beings. 

3.  Libber  (p.  148):  A  rabbit  received  284  milligrams  per  kilogram  body  wei^t,  or 

199  grains  per  100  pounds  once  a^y,  five  times  every  other  day,  and  aside  from 

decreased  appetite  the  second  and  third  day  of  the  observation  period  nothing 

untoward  is  noted. 
4   Wetl  (p.  SI):  "♦    ♦    ♦    not  poisonous  to  human  beings  and  dogs,    ♦     ♦    ♦ 

Purple    *    *    ♦" 
5.  Cazbneuvb  and  Lupine  (Bull  de  Vacad,  de  mid.,  1886,  p.  64S):  Tolerated  by  man, 

sick  or  well. 

G.  T.  138. 

Tradenames, — Fast  Brown  G;  Acid  Brown. 

Scientific  name. — Sodium  salt  of  bi-sulphobenzene-disazo-alpha^ 
naphthol. 

Discovered. — 1882. 

Shade. — Brown.    Not  offered. 

FAVORABLE. 

1.  Wetl  (p.  1S4):  "The  following  is  a  summary  of  the  results  obtained  with  the  Dis- 
azo  colors  submitted  to  test  by  me,  viz,  Fast  Brown  Q  *  *  *,  All  these 
proved  to  be  nonpoisonous  *  *  *."  A.  A  dog  weighing  9.63  kilos  received 
312  milligrams  per  kilogram  body  weight,  or  218  grains  per  100  pounds  body 
weight;  the  same  dose  was  repeated  48  hours  afterwards,  when  diarrhea  set  in« 
and  the  lurine  was  colored  red;  24  hours  afterwards  208  milligrams  per  kilogram 
body  weight,  or  146  grains  per  100  pounds  body  weight  were  given;  the  urine 
¥ras  colored  strongly  red  24  hoius  thereafter.  Eight  days  afterwards  520  milli- 
grams per  kilogram  body  weight,  or  364  grains  per  100  pounds  body  weight,  were 
administered;  marked  diarrhea  set  in;  3  days  later  the  dose  given  was  twice  the 
dose  last  given,  when  severe  diarrhea  resulted,  but  imchanged  color  appeared  in 
the  urine,  and  continued  for  24  hours  afterwards ;  diarrhea  continued  for  96  houiB. 
Evidences  of  albuminuria  apparently  not  dependable.  B.  A  second  dog, 
weighing  5.9  kilos,  received  339  milligrams  per  kilogram  body  weight,  or  237 
grains  per  100  poimds  body  weight  daily  throughout  an  entire  month;  diairhea 
was  produced  after  6  days,  which  continued  almost  during  the  month;  appetite 
was  diminished  and  the  loss  in  weight  was  about  20  per  cent  on  the  original. 
0.  Weyl  concludes  as  follows:  ''According  to  these  experiments,  this  color 
in  continuous,  though  slight,  doses,  or  in  large  doses,  but  lees  frequently, 
produces  diarrhea,  anorexia,  and  emaciation."    (p,  136.) 

unfavorable. 

1.  Prohibited  by  Confectioners'  List. 

2.  Weyl  (p.  147):  "Of  the  remaining  colors    ♦    «    ♦    others  (produce)  diarrhea 

(Fast  Brown    *    ♦    ♦)." 

G.  T.  160. 

Trade  name. — Crocein  Scarlet  3  B;  Ponceau  4  RB. 
Scientific  nams. — Sodium  salt  of  sulphobenzene-azo-benzene-azo- 
beta-naphthol-monosulphonic  acid. 
Discovered  and  paiented. — 1881. 
Shade. — Scarlet.    Not  oflFered. 
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FAVORABLE. 

NoHiing. 

UNFAVORABLB. 

1.  Prohibited  by  ConfectionerB'  List. 

DOUBTFUL. 

1.  HouoHTON  (/.  Amer,  Chem.  Soc.^  1907 ,  v,  t9,  pp,  1351-^7):  Hinders  fibrin  diges- 
tion at  all  strengths;  at  1: 200  hinders  casein  and  albumen  digestion. 

G.  T.  163. 

Trade  names. — ^Biebrich  Scarlet;  Ponceau  B;  New  Red  L;  Ponceau 
3  RB;  Fast  Ponceau  B;  Imperial  Scarlet. 

Scientific  name, — Sodium  salt  of  sulphobenzene-azo-sulpho-ben- 
zene-azo-betarnaphthol. 

Discovered. — 1878. 

Shade. — Scarlet.    Not  offered. 

FAVORABLE. 

1.  Permitted  by  law  in  Italy.    (See  Lieher,  pp.  18,  tt,  tS.) 

UNFAVORABLE. 

1.  Prohibited  by  Confectioners'  List. 

G.  T.  164. 

Trade  name. — Crocein  Scarlet  O  extra. 

Sdentijic  name. — Sodium    salt    of    sulphobenzene-azo-sulphoben- 
zene-azo-beta-naphtthol-sulphonic  acid. 
Discovered.— 1%%%. 
STuide. — Scarlet.    Not  offered. 

FAVORABLE. 

Nothing. 

UNFAVORABLE. 

1.  Prohibited  by  Confectioners'  List. 

G.  T.  166. 

Trade  name. — ^Wool  Black. 

Scientific  name. — Sodium    salt   of   sulphobenzene-azo-sulphoben- 
zene-azo-parartolyl-betarnaphthylamin. 
Discovered. — 1886. 
iSAckfc.— Black.    Not  offered. 

FAVORABLE. 

1.  Pennitted  by  Confectioners'  List. 

2.  Wbtl  (p.  1S4Y  ''The  following  is  a  summary  of  the  results  obtained  with  the 

Diaazo  colors  submitted  to  test  by  me,  viz:  ♦    ♦    *    Wool  Black    »    ♦    ♦. 
All  these  proved  to  be  nonpoisonous    *    *    *." 


Digitized  by 


Google 


108  COAL-TAB  COIiOBS  USED  IN  FOOD  PEODUCTS. 

3.  A.  A  dog  received  167  milligrams  per  kilogram  body  weight,  or  117  grainfl  per 
100  pounds  body  weight  each  day  for  3  succeaedye  days;  no  color  was  admin- 
istered for  the  next  2  days,  and  t^e  third  day  the  dose  was  double  the  former 
dose.  The  urine  was  colored  bluish-black  and  contained  albumen.  Two  days 
afterward  the  same  dose  was  given;  urine  of  intense  dark-blue  color,  and  con- 
tained unaltered  coloring  matter,  which  disappeared  in  48  hours.  Albuminoria 
continued  for  about  15  days.  (p.  1S7,)  B.  ''Wool  Black  is  nonpoisonous  both 
by  gastric  and  by  subcutaneous  administration."    (p.  1S7.) 

G.  T.  1(59. 

Trade  names. — Crocein  Scarlet  7  B;  Ponceau  6  RB;  Crocein 
Scarlet  8  B. 

Names  under  which  it  was  offered  on  (he  United  States  marJcet  as  a 
food-color  in  1907. — Sodium  salt  of  sulphotoluene-azo-toluene-azo- 
betarnaphthol-alpharsulphonic  acid. 

Discovered  and  patented. — 1881 . 

Shade. — Red.    Offered  by  1  out  of  12  sources. 

FAVORABLB. 

1.  Permitted  by  Confectioners'  List. 

G.  T.  188. 

Trade  names. — Naphthol  Black  B;  Brilliant  Black  B. 

Name  under  which  it  was  offered  on  the  United  States  market  as  afoodr- 
color  in  i507.— Naphthol  Black  BDF. 

Scientific  name. — Sodium  salt  of  disulpho-betarnaphthalene-azo- 
alpha-naphthalene-azo-beta-naphthol-disulphonic  acid. 

Discovered  and  patented. — 1885. 

Shade. — Black.    Offered  by  1  out  of  12  sources. 

FAVORABLB. 

1.  Permitted  by  Confectioners*  List. 

2.  Wbyl  (p.  1S8):  A.  A  dog  received  112  milligrams  per  kilogram  body  weight,  or 

78  grains  per  100  pounds  body  weight,  daily  for  3  successive  dajrs;  distinct 
albuminuria,  uncolored  urine;  blue-colored  feces;  thereupon  the  daily  dose  was 
increased  to  187  milligrams  per  kilogram  body  weight,  that  is,  131  grains  per 
100  pounds.  No  color  was  administered  for  6  days,  and  during  this  time  the 
urine  was  colored  from  reddish- violet  to  a  bluish-black  red;  thereupon  the  last 
dose  was  doubled  and  24  hours  afterwards  that  dose  was  doubled;  rather  much 
albumen  in  urine  which  was  bluish;  albuminuria  continued  for  about  a  week. 
B.  A  dog  received  222  milligrams  per  kilogram  body  weight,  or  155  grains  per 
100  pounds  daily  throughout  a  whole  month;  it  remained  entirely  well  with 
good  appetite. 

3.  ''This  color  is  harmless  when  administered  by  the  stomach,  but  poisonous  sub- 

cutaneously.*'    (p.  140.) 

4.  Schachbrl:  Not  harmful  under  conditions  in  which  it  is  used. 

UNFAVORABLB. 

1  Wbtl  (p.  1S9) :  Where  a  dog,  receiving  subcutaneously  31  milligrams  per  kilogram 
body  weight,  or  22  grains  per  100  pounds  body  weight,  subcutaneously,  died 
apparently  wholly  as  a  redUlt  of  the  color. 
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2.  "Naphthol  Black  P,  however,  is  plainly  poiaonous  when  introduced  into  the  sub- 
cutaneous cellular  tissue."    (p.  l-f7.) 

G.  T.  197. 

Trade  names. — ^Bismarck  Brown;  Phenylene  Brown;  Leather 
Brown;  English  Brown;  Manchester  Brown;  Vesuvin;  Cmnamon 
Brown. 

Names  under  which  U  was  offered  an  (he  United  States  marJcet  as  a 
foodrcolor  in  1907. — ^Vesuvin  4B  Cone.  Z;  Bismarck  Brown;  Bismarck 
Brown  B  No.  216;  Bismarck  Brown  B. 

Scieniiijicname. — ^Hydrochloridof  benzene-disazo-phenylene-diamin, 

Discovered  and  patented. — 1863. 

Shade. — Reddish  brown.    Offered  by  4  out  of  12  sources. 

FAVORABLE. 

1.  WbtIi  (/).  luy.  "NonpoiBonous  Bismarck  Brown." 

UNFAVORABLE. 

1.  Prohibited  by  ConfectionerB'  List. 

2.  Weyl  (p.  117)1  A.  A  dog  received  33  milligrams  per  kilogram  body  weight,  or 

23  grains  per  himdred  poimds  body  weight;  in  one  and  one-half  hours,  vomiting; 
next  day  same  dose  same  result  with  the  addition  that  the  animal  took  no  food 
and  moved  about  but  little  for  48  hours;  on  the  fourth  day  same  dose,  in  two 
hours,  vomiting;  for  96  hours  animal  took  no  food;  on  the  eighth  day  albumen 
in  the  urine  and  the  animal  ate;  on  the  ninth  day  83  milligrams  per  kilogram 
body  weight  or  58  grains  per  100  pounds  body  weight,  vomited  for  one-half  hour 
after  administration;  for  the  next  5  days  the  animal  took  hardly  any  food;  on 
the  fourteenth  day  the  animal  improved,  took  food  on  the  fifteenth  day;  traces  of 
albumen  in  urine  for  17  days  longer,  at  end  of  which  time  animal  recovered. 

B.  A  dog  received  169  milligrams  per  kilogram  body  weight,  or  118  grains  per 
100  pounds  body  weight;  in  24  hours  the  urine  was  colored  brown;  48  hours 
after  the  first  dose  that  dose  was  repeated,  and  unconverted  color  was  found 
in  the  urine;  48  hours  later  the  same  dose  was  repeated;  the  color  in  the  urine 
disappeared  in  24  hours;  4  days  later  the  dose  was  trebled,  and  the  animal 
vomited,  seemed  sick  for  4  days  thereafter;  on  the  fifth  day  recovery  apparently 
complete.  On  the  sixth  day  the  last  dose  was  repeated,  and  the  animal  vomited 
after  the  administration.  It  took  no  food  for  24  hoius,  and  was  normal  after 
48  hours.    There  was  no  albuminuria  in  this  case. 

€.  A  dog  received  daily  for  an  entire  month  45  milligrams  per  kilogram  body 
wei^t,  or  31}  grains  per  100  pounds  body  weight;  it  was  in  good  health  during 
the  entire  time,  did  not  vomit,  and  ate  as  usual.  Its  gain  in  weight  was  6} 
percent. 
3.  *' Bismarck  Brown  produces,  when  administered  to  dogs  by  the  stomach,  even 
in  doses  of  350  milligrams  per  kilogram  body  weight  (245  grains  per  100  pounds 
body  weight),  vomiting  and  albuminuria.  Fiuther  disturbance  is  not  noted 
even  in  large  doses;  small  doses,  45  milligramfl  per  kilogram  body  weight  (or 
31)  grains  per  100  pounds  body  weight),  even  when  frequently  administered 
seem  to  be  entirely  harmless.  Doses  of  16  milligrams  are  harmless  even  when 
introduced  into  the  subcutaneous  cellular  tissue."  (p.  118,) 
^  '*0f  the  remaining  colors  some  produce  vomiting  (e.  g.,  Bismarck  Brown 
•   •    •)."    (p.W.) 
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5.  Lewin  (Lehrbuch  der  Toxikologie,  1897 ,  p,  tSl):  Piroduces  eczema,  and  cites 

DeutKh  Med,  Wochmichr.^  1891,  p.  i5. 

6.  Fraenkel  (j>,  575):  "When  the  Azo  dyestufb  do  not  contain  any  sulpho  group 

they  are  poisonous.  Thus,  for  example,  Bismarck  Brown  «  *  *.  This 
produces  no  effect  in  small  doses;  on  the  other  hand,  doses  of  350  milligrams 
per  kilogram  of  animal  (245  grains  per  100  pounds)  produce  albuminuria  and 
vomiting.'' 

DOUBTFUL. 

1.  Houghton  (/.  Arrur.  Chem,  Soc^  1907 ,  v,  £9,  pp.  1S51-1SS7):  Hindera  digestion 
of  fibrin,  casein  and  albumen,  in  strengths  of  1:100  or  1:400. 

G.  T.  201. 

Trade  names. — Manchester  Brown  EE;  Bismarck  Brown  R; 
Vesuvin  B. 

Names  under  vMch  it  vxis  offered  on  (he  United  States  market  as  a 
food  color  in  1907. — ^Vesuvin  4  B  Cone.  Z;  Vesuvin  B. 

Scientific  nmae. — Hydrochloric!  of  toluene-disazo-metartolylene- 
diamin. 

Discovered  and  patented. — 1878. 

Shade. — Reddish  brown.     Offered  by  2  out  of  12  sources. 

UNPAYO&ABLB. 

1.  Lewin  {Lehrhudi  der  Toxicologie,  1897,  p.  £31):  "Produces  eczema,"  and  citee 

Deut9ch.  Med.  Wochenschr.,  1891,  p.  45. 
Note. — ^The  literatmre  is  not  always  conclusive  as  between  Noe.  197  and  201,  and 
probably  most,  if  not  all,  the  references  under  No.  197  also  apply  to  No.  201. 

G.  T.  240. 

Trade  name. — C!ongo  Red. 

Nams  under  which  it  was  offered  on  the  United  States  market  OrS  a 
food  color  in  1907. — C!ongo. 

Scientific  name. — Sodium  salt  of  diphenyl-disazo-binaphthionic 
acid. 

Discovered  and  patented. — 1884. 

Shade. — Red.    Offered  by  1  out  of  12  sources. 

FAVORABLE. 

1.  Wetl:  "According  to  Experiments  1  and  2  Congo  Red  is,  after  long-continued 

administration  by  the  stomach,  harmless.'' 

2.  A.  A  dog  received  274  milligrams  per  kilogram  body  weight,  or  192  grains  per  100 

poimds;  this  dose  was  repeated  next  day,  when  the  urine  became  pale,  was  stron^y 
alkaline  and  contained  albumen;  the  next  day  the  same  dose  was  repeated, 
whereupon  the  urine  was  of  a  weak  red  color,  and  a  little  albiunen  present; 
the  next  day  the  dose  was  increased  to  411  milligrams  per  kilogram  body 
weight,  or  298  grains  per  100  pounds;  the  urine  was  somewhat  reddish  and  con- 
tained a  little  albumen.  No  color  was  given  for  6  days,  at  the  end  of  which 
time  the  urine  was  reddish,  and  deposited  a  reddish  sediment,  probably  Congo. 
At  the  end  of  that  time  the  dose  was  increased  to  685  milligrams  per  kHogrun 
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2.  A. — Continued. 

body  weight,  or  480  grains  per  100  pounds  body  weight;  the  urine  was  feebly 
alkaline  and  contained  some  albumen.  The  next  day  the'doee  last  given  was 
doubled;  the  urine  was  colored  to  such  an  extent  that  it  could  be  dyed  with. 
Two  days  later  the  same  dose  was  repeated;  animal  took  but  little  food,  was 
otherwise  comfortable;  there  was  little  albumen  present.  The  loss  in  body 
weight  was  about  4)  per  cent.  {p.l4i-) 
B.  A  second  dog  received  233  milligrams  per  kilogram  body  weight,  or  163  grains 
per  100  poimds,  daily  for  one  month,  and  remained  entirely  well. 

G.  T.  269. 

Trade  name. — Chrysamin  R. 

Name  under  which  it  vxis  offered  on  the  United  Staies  marJcet  as  a 
food  color  in  1907, — Chiysamin  R. 

Scientific  name, — Sodium  salt  of  ditolyl-disazo-bisalicylic  acid. 

Discovered  and  patented, — 1884. 

Shade. — Yellow.     Offered  by  1  out  of  12  sources. 

FAVORABLE. 

1.  Permitted  by  Confectioners*  List. 

2.  Wbtl  (p.  1S4)''  "The  following  is  a  summary  of  the  results  obtained  with  Disazo 

colors  submitted  to  test  by  me,  viz:  Chrysamin  R.''    '^All  of  these  proved 
to  be  nonpoisonous,    *    *    *.*' 

3.  A.  A  dog  received  515  milligrams  per  kilogram  body  weight,  or  361  grains  per 

100  i>ounds;  urine  became  alkaline  and  yellowish,  and  easily  dyed  cotton; 
very  little  albumen.  Within  24  hours  the  same  dose  was  repeated,  diarrhea 
resulting  and  vomiting  for  3  days,  whereupon  the  animal  was  given  one-fifth  of 
the  dose,  or  103  milligrams  per  kilogram  body  weight,  that  is,  72  grains  per  100 
pounds  body  weight;  the  urine  continued  slightly  colored,  and  contained  a 
distinct  amount  of  albumen,  continuing  for  2  days,  when  the  last  dose  was 
repeated;  24  hours  afterwards  the  dose  was  doubled,  and  repeated  the  next 
^  day;  the  day  after  the  dose  was  increased  50  per  cent;  3  days  later  the  last 
dose  was  repeated;  slight  albuminuria  set  in,  lasting  5  days.  B.  A  dog  received 
three  doses  of  619  milligrams  each  per  kilogram  body  weight,  or  433  grains  per 
100  pounds  body  weight,  three  times  in  the  course  of  10  days;  the  urine  was 
yellowish  in  color  and  contained  very  little  albumen,    (p.  145,) 

4.  "Chrysamin  is  harmless  when  taken  into  the  stomach. ' '    (p.  W,) 

5.  ScHAGHBRL  (p.  1045)  says  Chrysamin  is  harmless  under  the  conditions  in  which 

it  is  used. 

UNFAVORABLE. 

1.  Wetl(p.  i-f7):  "Of  the  remaining  colors  some  produced  vomiting    *    ♦    ♦ 
othos  diarrhea  («    «    ♦    Chrysamin  R    *    *    *.") 

G.  T.  277. 

Trade  names, — ^Benzopurpurin  4  B;  Cotton    Red    4    B;  Sultan 
Red4B. 
Scientific  name. — Sodium  salt  of  ditolyl-disazo-binaphthionic  acid. 
Discovered. — 1884-86. 
Shade.— Red.    Not  oflFered. 
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FAVORABLE. 
UNPAYORABLB. 


1.  Ohlopin  (p.  130):  On  his  own  experiments  clasBes  it  as  suspicioas.    'Hie  experi- 
mental data  are  as  follows: 

Experimental  data  by  Chlopin. 
[1  gram— 135  mg— 87.5  grains.] 


Date. 

Dose. 

Weight. 

24-hoar 
urine. 

General  condition  of  animal  and  urine. 

1901. 
Apr.  16 
17 

Qranu. 
2 

EUoi, 
8 

800 
330 
450 
470 
370 
820 
310 
370 
310 

Dog  Is  well,  lively;  urine  normal  color,  ACid;  no  albumen. 
Da 

18 

8 

Urine  yeUow-oraoge:  no  albumen;  no  vomiting. 
Da 

19 

20 

21 

2 

Da 

22 

Da 

23 

Urine  normal;  dog  is  well. 
Da 

24 

Total. 

7 

DOUBTFUL. 

1.  Winogradow  (Zts.  Nahr.  Genustm,  1903,  v,  6,  p.  689)  says  it  almost  completely 
inhibits  digestion. 

G-  T.  287. 

Trade  name. — ^Azo  Blue. 

Name  under  which  it  was  offered  on  the  United  States  nuirket  as  a  food 
color  in  1907, — Azo  Blue. 

Scientific  name. — Sodium  salt  of  ditolyl-disazo-bi-alpha-naphthol- 
para-sulphonic  acid. 

Discovered. — 1886. 

Shade. — Grayish  violet.    Oflfered  by  1  out  of  12  sources. 

FAVORABLE. 

1.  Pennitted  by  Confectioners'  List. 

2.  Wbtl  (p,  134) :  The  following  is  a  summary  of  the  results  obtained  with  the  Disaio 

colors  submitted  to  test  by  me,  viz:  *  *  *  Azo-blue,  *  *  «  ."  "All 
these  proved  to  be  nonpoisonous." 

3.  ''Azo-blue  ib  harmless,  both  when  administered  by  the  stomach  and  subcuta- 

neously."  A.  A  dog  received  237  milligrams  per  kilogram  body  weight,  or  166 
grains  per  100  pounds;  2  days  later  this  same  dose  was  repeated,  and  the  urine 
was  a  violet  color  strongly  idkaline  and  contained  a  little  albumen.  The  next 
day  the  dose  was  increased  to  2.5  times;  colorless  urine,  and  little  albumen; 
there  was  no  phenol.  The  next  day  4  timeo  the  original  dose  was  administered; 
abundant  bluish-violet  urine  and  little  albimien.  No  administration  for  4 
days,  when  2.5  times  the  original  dose  were  given,  and  that  dose  repeated  3  days 
later;  during  this  time  the  urine  was  colorless  and  contained  little  albumen; 
there  was  a  very  slight  increase  in  weight.  B.  A  dog  received  319  milligiams 
per  kilogram  body  weight,  or  233  grains  per  100  pounds  daily  for  one  month; 
animal  remained  well  with  good  appetite;  a  slight  amount  of  albumen  made 
its  appearance  in  the  urine,    (p.  144.) 
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UNFAVOBABLE. 

1.  Wetl  (j>.  144):  *'A  slight  amount  of  albumen  made  its  appearance  in  the  urine. '' 

G.  T.  394. 

Trade   names. — ^Dmitrosoresordn;  Dark   Green;   Russian   Green; 
Alsace  Green;  Fast  Green  O;  Chlorinj  Fast  Myrtle  Green. 
Scientific  name, — ^Dinitroso-resorcinol  (Dioximidoquinone). 
Discovered  and  patented. — 1875. 
Shade. — Green.     Not  offered. 

FAVORABLB. 

1.  Permitted  by  Confectioners'  List. 

2.  WbtIi  (p.  $S):  "According  to  the  above  experiments  Dinitroso-resorcinol  is  not 

dangerous  to  dogs  when  administered  by  the  stomach  even  in  large  doses; 
while  h3ri)odermic  administration  proves  fatal  within  24  hours,  in  the  proportion 
of  190  milligrams  per  kilogram  of  body  weight"  (that  is,  132  grains  per  100 
pounds). 

3.  A.  A  dog  received  173  milligrams  per  kilogram  body  weight,  or  121  grains  per  100 

pounds;  scanty  dark-brown  urine;  the  next  day  the  same  dose  was  repeated  and 
urine  continued  dark  brown,  and  contained  trace  of  albumen  as  well  as  distinct 
reaction  for  iron;  the  next  day  the  dose  was  repeated;  animal  remained  lively; 
the  day  after  that  the  dose  was  increased  50  per  cent;  no  albimien.  The  loss  in 
body  weight  was  only  4  per  cent.  B.  A  dog  received  198  milligrams  per  kilo- 
gram body  weight,  or  139  grains  per  100  pounds;  seems  to  have  been  loss  of 
appetite,  coupled  with  dark-brown,  almost  black  urine;  2  days  later  the  dose  was 
doubled,  and  the  urine  was  colored  green  by  ferrous  oxid,  and  contained  no 
albumen  nor  sugar;  2  days  later  the  dose  was  increased  50  per  cent,  and  some 
albumen  was  then  found  in  the  urine,    (p.  62.) 

G.  T.  398. 

Trade  name. — Naphthol  Green  B. 

Names  under  which,  it  was  offered  on  the  United  States  marJcet  as  a 
food  color  in  1907. — ^Naphthol  Green;  Naphthol  Green  B. 

Scientific  name. — ^Ferrous  sodium  salt  of  nitroso-betanaphthol- 
beta-monosulphonic  acid. 

Discovered.— \%9^^. 

Shade. — Green.    Offered  by  2  out  of  12  sources. 

FAVORABLE. 

1.  Wktl  (jp.S4)i  A.  A  dog  received  172  milligrams  per  kilogram  body  weight,  or  120 
grains  per  100  pounds  body-weight;  the  urine  was  greenish,  and  conjunctiva 
stained  intensely  green;  dose  was  repeated  3  successive  days,  and  the  next  day 
the  dose  vras  increased  to  fivefold;  appetite  undisturbed,  and  animal  remained 
lively.  B.  A  dog  received  417  milligrams  per  kilogram  body  weight,  or  292 
grains  per  100  poimds;  there  was  a  dirty  yellowish-green  color  to  the  urine;  no 
albumen,  and  not  more  than  traces  of  iron.  The  animal  was  normal  within  a 
day,  and  two  days  after  the  same  dose  was  repeated;  no  change  in  animal  was 
reccaded,  except  that  on  the  day  following  the  feces  were  normal,  but  colored 
green. 

97291*— Bull.  147—12 8 
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2.  Wetl  (p.  65):  *'  Experiments  1  and  2,  in  which  2  to  5  grams  of  the  color  wctb  intro- 

duced directly  into  the  stomach,  demonstrated  its  harmlessness  in  this  method 
of  administration." 

3.  Buss  lists  it  as  nonpoisonous. 

UNFAVORABLE. 

1.  Prohibited  by  Confectioners'  List. 

2.  Wetl  (p.  65):  *'0n  the  other  hand,  in  a  hypodermic  administration,  in  two  out  of 

three  cases  abscesses  and  septic  fever  were  induced." 

G.  T.  399. 

Trade  names. — Sun  Yellow;  Curcumin  S;  Jaune  Soleil;  Maize. 
Scientific  name, — Sodium  salt  of  the  so-called  Azoxy-stilbene-disul- 
phonic  acid. 

Discovered. — 1883. 

Shade. — Yellow.     Not  oflFered. 

FAVORABLE. 

1.  Meybb  ( /.  ArruT.  Chem.  Soc.,  1907,  v.  f9,  p.  897):  A  dog  received  100  milligiamfl 
per  kilogram  body  weight,  or  70  grains  per  100  poimds,  increased  geometrically 
through  the  fourdi  day,  when  diarrhea  set  in;  up  to  this  time  the  animal  had 
been  given  19.27  grams,  or  1,465  milligrams  per  kilogram  body  weight,  equiv- 
alent to  1,026  grains  per  100  pounds  body  weight;  the  average  dose  per  day 
would  have  been  366  milligrams  per  kilogram  body  weight,  or  256  grains  per 
100  pounds;  the  animal  was  given  its  fifth  portion  of  coloring  matter  the  same 
size  as  the  fourth,  thereupon  color  was  omitted,  and  for  the  following  7  days  the 
dosage  of  the  third  day,  which  amounted  to  400  milligrams  per  kilogram  body 
weight,  or  280  grains  per  100  po\mds  body  weight,  was  given;  the  urine  was  col- 
ored orange  throughout  the  entire  test  after  the  first  day;  the  fecal  matter  also 
was  of  orange  color;  slight  diarrhea  on  the  fourth  and  twelfth  d&yB  of  the  test, 
and  vomiting  on  the  fifth  day,  the  cause  of  which  does  not  seem  to  have  been 
definitely  determined;  the  autopsy  revealed  nothing  abnormal. 

G.  T.  425. 

Trade  names. — ^Auramin;  Auramin  O;  Pyoctanin  Aureum. 

Names  under  which  it  was  offered  on  the  United  States  m^arJcet  a>s  a 
food  color  in  1907. — ^Auramin  O;  Auramin;  Canary  Yellow. 

Scientific  name. — Hydrochlorid  of  imido-tetramethyl-diamido- 
diphenyhnethane. 

Discovered.— 1SS3. 

Shade. — Greenish  yellow.     Offered  by  3  out  of  12  sources. 

FAVORABLE. 

Nothing. 

UNFAVORABLE. 

1.  Chlopin  {p.  157):  On  his  own  experiments  classes  it  as  poisonous.  The  experi- 
mental data  are  as  follows: 
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Experimental  data  by  Chlopin. 
[1  grBm-i69  mg-i48  gralzis.] 
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Date. 

Dose. 

Wolgjit. 

24-lu>iir8' 

General  condition  of  animal  and  urine. 

1901. 
Mar.  3-4 

6 

Omnu, 
1.0 

KUot. 
14.4 

cc. 
560 
340 

Dof  quite  normal;  add:  no  albumen. 

Urme  strong  brown  yellow;  traces  of  albumen;  appetite  less. 

7 

Thin  stool. 

8 

Diarrhea;  urine  brown  yellow,  pales  with  sulphuric  acid,  and 

9 



contains  much  albumen. 
Stool  normal;  color  of  urine  weaker;  much  albumen;  eats  well; 

10 

lively. 
Stool  normal;  urine  less  colored;  less  albumen. 

11 

335 

StooV normal;  urine  less  colored:  traces  of  albumen. 

12 

Sioof  normal;  mine  Iffiscolored;  insignificant  tmoes  of  albnmim. 

13 

Do. 

14 

2.0 

13,2 

Do. 

15 

Strongly  brown  yellow;  moch  albumen. 

Dog  (fepressed;  lies  down;  eats  Uttle. 

Vomits  and  diarrhea;  urine  strong  yellow;  little  albumen; 

10 

None. 
206 

480 

17 

19 

takes  only  milk. 
Vomits  and  diarrhea;  urine  strong  yellow;  much  albumen. 

20 

Feces  normal  color;  color  urine  almost  normal;  much  albumen. 

21 

352 
380 

Feces  normal  color;  color  urine  almost  normal;  albumen  less. 

24 

10.4 

13.6 

Do. 

1  Subcutaneously. 
DOUBTFUL. 

1.  WiNOOBADOW  (Zts.  Nahr,  Genussm.,  190S,  v.  6,  p.  689)  says  it  noticeably  retards 
digestive  action;  is  not  indifferent. 

G.  T.  427. 

Trade  names, — ^Malachite  Green;  New  Green;  Fast  Green;  Benzal 
Green;  Diamond  Green  B;  Malachite  Green  B;  New  Victoria  Green; 
Vert  Diamant;  Bitter-almond-oil  Green. 

Names  under  wMck  it  was  offered  on  {he  United  States  market  as  a 
food  color  in  1907. — Green  M;  New  Green  Crystals;  Green  088. 

Scientific  name. — Zinc  double-chlorid,  oxalate,  ferric  double-chlorid 
of  tetramethyldi-pararamido-triphenyl-carbinol. 

Discovered.— 1877-78. 

Shade. — Bluish  green.     Offered  by  2  out  of  12  sources. 

FAYORABLB. 

1.  Permitted  by  Confectioners'  List. 

2.  Weyl  (p.  24):  ** According  to  Grandhomme    ♦    ♦    «    Malachite  Green  are  (is) 

also  nonpoisonous." 

3.  "*    «    »    Malachite  Green  are  (is)  as  is  now  established,  almost  without  poison- 

ous action."    (p.  65.) 

4.  Lewin  {Lekrhuch  der  Toxikologie,  1897 ^  p.  iSl)  says  when  free  from  arsenic  it  is 

harmless. 

5.  Buss  lists  it  as  nonpoisonous. 

UNFAVORABLE. 

1.  Penzoldt  {Archiv.  exper.  path,  pharm,,  1890,  v.  26,  p.  Sit):  One  hundred  milli- 
grams per  kilogram  body  weight  of  rabbit,  or  70  grains  per  100  pounds,  injected 
subcutaneously,  caused  after  the  third  day  motor  paralysiB  and  occasional 
cramps,  which  resulted  fatally  at  the  end  of  the  ninth  day. 
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2.  Lb  WIN  (LdirbuA  der  Toxikologie,  1897  ^  p.  tSl):  In  the  case  of  one  wofkman,!! 
ccmtnst  with  othen  who  had  long  been  unaffected  by  this  Bubstance,  itdiing, 
burning,  inflammation,  and  swelling  of  hands  and  feet,  and  focmationol  blisten 
occuned. 

G.  T.  428. 

Trade  names. — ^Brilliant  Green;  New  Victoria  Green;  EmenM 
Green;  Malachite  Green  B;  Ethyl  Green;  Fast  Green  J. 

Names  under  which  U  vxis  offered  on  the  United  States  market  as  a 
food  color  in  i507.— Green  E;  Green  087;  Emerald  Green  Crystals. 

Scientijie  name. — Sulphate  of  zinc^ouble-chlorid  (rarely  oxalate) 
of  tetraethyl-diamido-triphenyl-carbinol. 

Discovered.— 1S79-S0. 

Shade. — ^Yellowish  green.    Offered  by  3  out  of  12  sources. 

FAYOaABLB. 

1.  Lbwot  (LehHnu^  der  ToxQcoloffie,  1807,  p.  tSl)  says  when  free  from  aiBenk  it  ii 

hannlesB. 

2.  Buss  lists  it  as  nonpoisonous. 

UKFAYOaABLB. 

1.  Ohlopin  {pp.  171-e):  Classifies  it  as  ''very  poisonous"  on  his  own  experimentB 
(see  p.  181).    The  experimental  data  are  as  follows: 


Experimental  data  by  Chlopin. 

Ncl. 
(1  grun-il25  mg^ST.5  grains.] 


Dftte. 


1901. 
Apr.     24 
25 


tr 

28 

29 

80 

May        1 

2 
3 

Total... 


Dose. 


OrcfM. 


WeUfat. 


intM. 

8 


24  hours' 
urine. 


410 


896 


400 
'395 


895 


Qftotal  oondltkm  of  animal  and  mine. 


Before  experiment  dog  Is  well;  urine  normaL 

Soon  after  dvlng  d je  yomltlnf  and  **fcMTlHMi:  in  the  efenlnc 

only  drazik  water;  vomiting  kept  up. 
No  vomiting;  urine  greenish;  add;  InslgnUleant  tcaoei  of 
albumen. 

Do. 
No  vomiting;  urine  greenish;  aold;  no  albumen. 

Do. 

Do. 
Urine  normal;  dog  quite  weU. 

Do. 

Do. 


No.  2. 
(1  gram— 111  mg^TS  grains.) 


1902. 
Jan.      21 

23-24 
25 
26 

Total.... 


7.2 


400 


Before  experiment  dog  quite  normal;  urine  normal;  afltr  cir> 

Ing  dye  very  violent  vomiting  several  times. 
Urine  greenish  in  color;  add;  very  much  albumen;  no  vomlttat 

Do. 
Died  during  the  night 
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Experimental  data  by  Chlopin — Continned. 

No.  3. 

[1  gram— 119  mg^SS  grains.] 


Date. 

Doee. 

Weight 

24  hoars' 
urine. 

General  oondltion  of  animal  and  urine. 

ig02. 
Jan.       28 

20 

Gram; 
3 

2 

&4 

370 

BefOTe  experiment  dog  and  urine  normal;  soon  after  giving  dye 

vomiting  b^;an,  lasting  over  an  hour;  dog  stands  with 

difficulty. 
Durins  night  dog  improved  somewhat,  began  to  eat;  drinks 

much;  soon  after  giving  dye  vomiting. 
During  ni^t  vomiung  and  diarrhea;  during  night  30tli,  31sty 

in  bad  condition;  does  not  take  food. 
During  night  31st  second  dog  found  dead  in  cage.    Cause  of 

death,  "paralysis  of  the  heart. " 

90 

31 

Total.... 

5 

2.  Lewin  {Lekrhuxih  der  Toxikoloffie,  1897,  p.  2Sl)i  In  the  caee  of  one  workman,  in 
contrast  with  others  who  had  long  been  unaffected  by  this  substance,  itching, 
burning,  inflammation  and  swelling  of  hands  and  feet,  and  farmation  of  bUsteiB 
occuired. 

G.  T.  433. 

Trade  name. — Guinea  Green. 

Name  under  which  it  was  offered  on  the  United  States  marJcet  as  a 
food  color  in  1907, — Guinea  Green  B. 

Scientific  name, — Sodium  salt  of  diethyldibenzyl-diamido-tri- 
phenyl-carbinol-disulphonic  acid. 

Discovered. — 1883. 

Shade. — Green.    Offered  by  1  out  of  12  sources. 

FAVORABLB. 

1.  Chlopin  (p.  174):  On  his  own  experiments  classified  it  as  ''nonpolsonouB. "  The 
experimental  data  are  as  follows: 

Experimental  data  by  Chlopin, 
[1  gnm^2l00  mg— 140  grains.] 


Bate. 


Dose. 


Weight 


24  hours' 
urine. 


General  condition  of  animal  and  urine. 


1901. 
May  18 

19 
20 
31 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

Total. 


Gram*. 
2 


EiUn. 


250 
235 
280 
290 
270 
270 
260 
240 
290 
246 


243 
233 
230 


I>og  and  urine  normal  before  exi)eriment. 

Urine  slightly  greenish,  no  albumen;  vomited  at  nlg^t 

No  vomiting. 

Urine  sli^tly  greenish;  no  albumen. 

Urine  normal  in  color  and  composition. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


10 


G.  T.  434. 

Trade  nam£S. — flight  Green  SF  bluish;  Add  Green, 
Scientifie   name. — Sodium   salt   of   dimethyldibenzyl-diamido-tri- 
phenyl-carbinol-trisulphonic  acid. 
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Discovered. — 1879. 

SJuide, — Green.    Offered  by  1  out  of  12  sources. 


NotMng. 


FAYOBABLE. 


UNFAVORABLE. 


1.  Chlopin  (pp,  176-7):  Examined  this  color,  and  on  his  own  expeiimentB  claasefl 
it  as  ^'nonpoiaonous,  but  not  entirely  indifferent/'  The  experimental  dala 
are  as  follows: 

Experimental  data  by  Chlopin, 

No.l. 

[1  gram-il33  mg— 93  grains.] 


Date. 

Dose. 

Weight. 

24houra' 
arine. 

Qeneial  condition  of  animal  and  arine. 

ig02. 
Apr.  24 

Orami. 
2 

Kilos. 
7.5 

C€. 

380 

Dog  and  urine  nonnaL 

Urine  green;  add;  no  albomen. 

95 

347 
297 

Urine  green;  traoes  of  albumen. 

27 

Do. 

28 

2 

Do. 

29 

Urine  neen;  no  albumen. 
Urine  less  green;  no  albumen. 

30 

3flO 

31 

Do. 

Mayl-^ 

Do. 

370 

Do. 

Total. 

4 

No.  2. 
[1  gram-illO  mg-i77  grains.] 


1902. 
Aug.    5 

3 

9.1 

300 
310 

Dog  and  urine  normal. 

Urine  greenish,  acid,  no  albumen. 

7 

3 
3 
3 
3 

Do. 

8 

320 
350 

Do. 

9 

Do. 

10 

Do. 

11 

400 
350 

Do. 

12 

9 

Do. 

Total. 

15 

DOUBTFUL. 

1.  WmooRADOw  (Zts.  Nahr.  Genussm.  1903,  v.  6,  p.  589)  says  it  noticeably  retards 
digestive  action;  is  not  indifferent. 

G.  T.  435. 

Trade  names. — Light  Green  SF  yellowish;  Acid  Green;  Acid  Green 
extra  cone. 

Names  under  which  it  was  offered  on  the  United  States  market  as  a 
food  color  in  1907. — Acid  Green  cone.  V  N;  Light  Green  SF  yellow 
shade;  Acid  Green  cone.  780;  Pistachio. 


Digitized  by 


Google 


COMPII.ED  DATA  UNDEB  GREEN  TABLE  NUMBEBS.  119 

Scientific    name. — Sodium   salt    of    diethyldibenzyl-diamido-tri- 
phenyl-carbinol-trisulphonic  acid. 
Discovered. — 1879. 
Shade. — Green.    Offered  by  4  out  of  12  sources. 

FAVORABLE. 

1.  LiEBEB  (p.  144):  The  animal  was  a  fully  developed  male  guinea  pig,  and  received 
per  kilogram  body  weight  240  milligrams,  or  168  grains  per  100  pounds,  five 
times  in  all,  every  other  day.  There  was  apparently  nothing  irregular  or  ab- 
normal observed  during  the  whole  test  of  nine  days. 

G.  T.  448. 

Tradenames. — ^Magenta;  Fuchsin;  Rosein;  AnilinRed. 

Obsolete  names. — Rubin;  Solferino;  Fuchsiacin;  Rubianite;  Azalein; 
Erythrobenzin;  Harmalin. 

Names  under  vMch  it  was  offered  on  the  United  States  market  as  a 
food  color  in  1907. — ^Magenta  powder  A;  Fuchsin  Crystals;  Magenta 
FAB  S  Red  101. 

Sdentijic  name. — ^Mixture  of  hydrochlorid  or  acetate  of  pararo- 
sanilin  (triamidotriphenylcarbinol)  and  rosanilin  (triamidodiphenyl- 
tolylcarbinol). 

Shade. — ^Bluish-red.    Offered  by  4  out  of  12  sources. 

FAVORABLE. 

1.  Permitted  by  Confectioners'  List. 

2.  Weyl  {p,  tt):  "The  colors  examined    *    *    *    Fuchsin  were  (was)  found  to  be 

nonpoisonous; "  '^  Similarly  a  hen  which  had  eaten  for  three  weeks  oats  covered 
with  fuchsin  was  in  good  health.^'    {p.  t4,) 

3.  "According  to  Grandhomme  rabbits  bear  without  injury  fuchsin  free  from  arsenic 

♦    *    *r    (p.  SI,) 

4.  "Fuchsin    *    *    *    (is)  as  is  now  established,  almost  without  poisonous  action." 

{p.  55.) 

5.  Frabnkbl  {p.  574),  quoting  Penzoldt,  says  that  it  is  entirely  nonpoisonous,  and 

completely  prevents  putrefaction. 

6.  Permitted  by  the  law  of  Austria. 

7.  Lewin  {Lehrbuch  der  Toxikologie,  1897,  p.  230),  says  when  free  from  arsenic  it  is 

harmless. 
B.  Clouet  and  Beboebon  (/.  pkarm,  chim,,  1871,  v,  t5,  p,  X96):  One  of  them  took 
personally  500  milligrams,  that  is,  7.7  grains  in  16  da3rs;  there  was  no  digestive 
disturbance  of  any  kind,  and  the  urine,  which  was  examined  daily,  contained 
no  albumen.  They  cite  a  case  of  Bright's  disease,  in  which  the  amount  of 
albumen  decreased  when  fuchsin  was  administered,  and  they  conclude  that 
fuchsin  may  be  good  for  sufferers  from  Bright's  disease. 

unfavobablb. 

1-  Forbidden  by  the  law  of  France.    (See  LUber,  p.  81.) 

2.  Celopin  (p.  178):  Examined  this  color,  and  on  his  own  experiments  classes  it  as 

"Suspicious  because  of  vomiting  and  traces  of  albumen.''    The  experimental 

data  are  as  follows: 
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Experimental  data  by  Chlopin. 


Dftte. 

Dose. 

Weight. 

24  hours' 
urine. 

General  condition  of  animal  and  mine. 

1901. 
Apr.  18 

19 

Orams. 
3 

Kilot, 

ee. 
270 

280 

Doe  before  experiment  well  and  urine  normal;  vomited  aerreral 

tunes  after  receiving  dye. 
Urine  quite  red;  acid;  no  albumen;  general  condition  nonnaL 

20 

Do'. 

21 

2 

320 

Urine  less  colored;  add;  no  albumen;  vomited  once. 

22 

Urine  darkish;  acid;  traces  aioumen. 

23 

Color  normal;  no  albumen. 

24 

Do. 

Total. 

5 

NoTB.~Thl8  sample  may  have  contained  some  phosphin,  G.  T.  £32,  see  page  133. 

DOUBTFUL. 

1.  WiNOGBADOW  (Zts.  Nohr.  0env3sm.  190S,  v,  6,  p.  589)  says  it  almoet  completely 
inhibits  digestion. 

G.  T.  450. 

Trade  names. — Hofmann  Violet;  Dahlia;  Red  Violet  6R  extra; 
Violet  R;  lodin  Violet;  Primula;  Violet  5  R;  Violet  R  R. 

Scientific  name, — Mixture  of  the  hydrochlorids  or  acetates  of  the 
monodi-  or  trimethyl-  (or  ethyl-)  rosanilina  and  pararosanilins. 

Discovered. — 1863. 

Shade. — Violet.    Not  offered. 

FAVOBABLE. 

1.  Weyl  (p.  g4)i  ***    *    *    Anilin  Violet  (Dahlia)    *    *    *   (i8)a]sononp<H8OQoii0.'' 

2.  Buss  lists  it  as  nonpoisonous. 

UNFAVOBABLE. 

1.  Frabnkbl  (p.  574)  quotes  Penzoldt^  and  says  it  completely  arrests  development, 
and  causes  muscular  paralysis. 

G.  T.  451. 

Trade  names. — Methyl  Violet  B;  Direct  Violet;  Dahlia;  Paris 
Violet;  Violet  de  Methylanilin;  Pyoctanin. 

Nam£S  under  which  it  was  offered  on  the  United  States  marlcet  as  a 
food  color  in  1907.— Methyl  Violet;  Methyl  Violet  B;  Methyl  Violet 
BB  extra;  Methyl  Violet  3  B  D. 

Scientific  name. — ^Hydrochlorid  of  penta-  and  hexamethyl-  para- 
rosanilin. 

Discovered. — 1861 . 

Shade. — Violet.    OflFered  by  5  out  of  12  sources. 


PAVOBABLB. 


1.  Permitted  by  Confectioners'  List. 

2.  Permitted  by  the  Austrian  law. 
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3.  Wbyl  {p.  i4):  '**  *  *  Anilin  Violet  (Dahlia)  *  *  *  [is]  also  nan- 
poisonous. '^ 

4  «  »  «  »  Methyl  Violet  [is]  as  is  now  established,  without  poisonous  action.** 
0>.  5S). 

5.  Fraenkel  (p.  57,J):  "Methyl  Violet    *    *    *    is  relatively  nonpoisonous." 

6.  Bubs  lists  it  as  nonpoisonous. 

UNFAVOBABLB. 

1.  Graefb  and  Braunschweig  {Fortsckr.  Medmn,  1890 ^  v,  8,  p.  405):  ''It  seems 

to  be  proven  that  damage  will  actually  result  even  in  the  case  of  most  cautious 
use,  which  we  are  sure  we  exercised/' 

2.  Santobi  {MoUschotVs  Untersuchungen,  1895,  v.  15,  p.  5i):  I.  A  dog  weighing 

7,600  grams  received  5.6  grams  dye  in  12  da3r8;  this  amounts  to  61  milligrams 
per  kilo  per  day,  or  43  grains  per  100  pounds  per  day.  Continued  vomiting 
beginning  with  0.1  gram  dye;  progressive  emaciation  and  general  falling  away; 
catarrh  of  eyes  and  nose;  distinct  dislike  for  food  and  great  desire  to  sleep; 
temperature  below  normal,  urine  imchanged.  Loss  of  weight  1,600  grams,  or 
21  per  cent.  The  animal  died  on  the  thirteenth  day.  The  autopsy  showed  a 
pale  and  blood-poor  liver;  the  kidneys  were  in  a  typically  congested  condition 
and  contained  accumulations  of  blood  corpuscles.  II.  A  second  dog  weig^iing 
6,000  grams  received  3.8  grams  dye  in  14  days,  which  amounts  to  71.4  milli- 
grams  per  kilo  per  day,  or  50  grains  per  100  potmds  per  day.  The  animal  died 
on  the  fourteenth  day.  There  was  daily  vomiting  and  rapid  emaciation;  final 
weight  loss  was  1,100  grams,  or  18.3  per  cent;  temperature  normal;  bloody  ' 
urine  beginning  the  eighth  day.  The  autopsy  showed  a  blood-poor  liver,  soft 
and  swollen  epithelia;  kidneys  the  same  as  in  the  case  of  the  preceding  dog. 

G.  T.  457. 

Trade  names. — Anilin  Blue,  spirit-soluble;  Spirit  Blue;  Fine  Blue; 
BleuLumidre;  Opal  Blue;  Gentian  Blue  6B;  Hessian  Blue;  Bleu-de- 
Nuit. 

Scientific  name, — Hydrochlorid  sulphate  or  acetate  of  triphenylro- 
sanilin  and  triphenylpararosanilin. 

Diewoered. — 1860-1862. 

Shade. — Greenish  blue;  not  offered. 

FAVORABLE. 

1.  Permitted  by  Confectioners'  List. 

2.  Santori  (Moleschott'a  UnUrsuchuTigen,  1895,  v.  15,  p.  48)  says  it  is  harmless. 

A  dog  weighing  4,500  grams  received  17  grams  dye  in  30  days,  which  amounts  to 
126  milligrams  per  kilo  per  day  or  88  grains  per  100  pounds  per  day.  Weight 
remained  the  same,  general  condition  good,  urine  and  temperature  unchanged; 
killed  by  chloroform;  autopsy  showed  everything  normal. 

3.  Libber  (p.  14),  where  it  is  stated  to  be  permitted  by  the  Austrian  law  {pp.  tt-fS), 

where  it  is  stated  to  be  permitted  by  the  Italian  law  (p.  SI),  where  it  is  stated 
to  be  permitted  by  the  French  law  in  candies,  pastilles,  sweetmeats,  sauces, 
fruits,  and  certain  liqueurs  ordinarily  not  colored. 

4.  Wbyl  (p.  tt),  quoting  Sonnenkalb  (p.  H),  quoting  Grandhomme. 

5.  Frabnkbl  (p.  580)  states  that  it  is  effective  in  only  5  per  cent  of  malaria  cases, 
ft.  Permitted  by  the  law  of  Austria. 

7.  Buss  lists  it  as  nonpoisonous. 
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UNFAVORABLE. 


1.  Wbtl  (p,  iS),  quoting  Fiiedrich,  where  poiBoning  was  produced  in  a  3rouiig 
engaged  in  packing  this  dye. 

G.  T.  459. 


Trade  names. — ^lodin  Green;  Pomona  Green;  Night  Green;  Vert 
Liunidre. 

Scientijic  name, — Zinc-double-chlorid  of  heptamethyl-rosanilin- 
chlorid. 

Discovered  and  patented, — 1866. 

Shade. — Green.     Not  offered. 


Nothing. 


FAYORABLB. 


UNFAYORABLB. 


1.  Chlopin  (p.  175)  on  his  own  experiments  classes  it  as  ''suspicious.''    (See  p.  181). 
The  experimental  data  are  as  follows: 

Experimental  data  by  Chlopin, 
[  1  gram— 167  mg— 117  grains.] 


DAto. 

Dose. 

Weight. 

24  boars' 
urine. 

General  condition  of  animal  and  urine. 

May    9 

10 

ammt, 
6 

Kiht. 
6 

cc, 
420 
470 
441 
420 
390 
400 
442 
370 

Before  experiment  dog  and  urine  nonnal. 
Do. 

11 

Urine  slightly  greenish;  no  albumen. 
Do. 

12 

3 

13 

Urine  has  greenish  opalescence;  traces  of  albumen. 

14 

Do. 

16 

Urine  has  greenish  opalescence;  no  albumen. 
Do. 

16 

2 

17 

Urine  has  greenish  opalescence;  traces  of  albumen. 
Normal  color;  no  albumen. 

18 

400 

Total.. 

6 

2.  Buss  lists  it  as  poisonous. 


DOUBTFUL. 


1.  WiNOORADOW  (Zts.  Nahr.  Genussm.,  1905 y  v.  6,  p.  589)  says  it  noticeably  retards 
digestive  action;  is  not  indifferent. 

G.  T.  462. 

Trade  names. — ^Acid  Magenta;  Acid  Fuchsin;  Acid  Rubin;  Fuch- 
sin  S;  Acid  Rosein;  Rubin  S. 

Names  under  which  it  vxis  offered  on  the  United  Staies  market  as  a 
food  color  in  1907. — ^Acid  Magenta  Powdered;  Acid  Magenta. 

Scientific  name, — Mixture  of  the  sodium  or  ammonium  salts  of  the 
trisulphonic  acids  of  rosanilin  and  pararosanilin. 

Discovered, — 1 877 . 

Shade, — Red.    Offered  by  2  out  of  12  sources. 
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FAVORABLE. 

1.  Pennitted  by  Confectioneis'  List. 

2.  Gazbneuve  (Arch.  gin.  mid.f  1886,  p.  753)  says  it  may  be  taken  without  effect  by 

man  and  animals,  sick  or  well,  in  laige  doses. 

3.  Wbyl  (p.  65) f  where  he  says  that  it  is  established  of  this  color  that  it  is  almost  with- 

out poisonous  action. 
2.  LiBBEB  (p.  14),  where  it  is  stated  to  be  permitted  by  the  law  of  Austria  (p.  31), 
where  it  is  stated  to  be  permitted  by  the  law  of  fWce  for  confectionery,  cor- 
dials, and  the  like. 

Permitted  by  the  law  of  Austria. 

Permitted  by  the  law  of  Italy. 

Cazenbuyb  and  Lupine  (Compt.  rend.,  1885,  v.  101,  p.  1011):    A.  Dog:  15  kilos 
weight,  received — 


6. 
6. 

7. 


Days. 

Grams. 

Milligrams 
perkilo. 

Grains  per 
lOOpomids. 

16 
6 
5 
5 

1 
2 
5 
10 

67 
134 
335 
670 

47 
94 
235 
470 

No  diarrhea;  no  vomiting;  no  albuminuria;  urine  colored  only  occasionally, 
but  did  contain  the  leuco  compound  of  the  dye.  B.  Man:  1.  Afflicted  with 
Bright's  disease;  took  two  grams  daily  for  one  week;  no  effect.  2.  Afflicted 
with  renal  cirrhosis;  four  grams  daily  for  several  days;  no  effect.  3.  A  well 
man  took  four  grams  daily  for  several  days;  no  effect. 
8.  Cazenbuvb  and  L^inb  (Bull,  de  Vacad.  de  rrUd.  1886,  p.  643):  Tolerated  by  man, 
sick  or  well. 

G.  T.  467. 

Trade  name. — ^Acid  Violet  6B. 

Scientific  name. — Sodium  salt  of  dimethyl  diethyl  dibenzyl  triamido 
triphenyl  carbinol  disulphonic  acid. 
Discovered  and  paiented. — 1889. 
Shade. — ^Violet.     Not  offered. 

FAVOBABLB. 

1.  Santobi  {MoletchotVs  Untenuchungen,  1895,  v.  15,  p.  54):  A  dog  weighing  4,250 
grams  received  12.5  grams  dye  in  28  days,  which  amounts  to  105  milligrams  per 
kilo  per  day,  or  74  grains  per  100  pounds  per  day.  The  dog  vomited  the  color 
only  two  or  three  times  and  was  otherwise  normal.  Appetite,  temperature, 
and  urine  all  remained  normal.  Conclusion:  Nonpoisonous;  autopsy  also 
showed  everything  normal. 


Nothing. 


unfavobable. 


G.  T.  477. 


Trade  Tiamea. — ^Alkali  Blue;  Nicholson  Blue;  Fast  Blue. 

Scientific  TUime. — ^Mixture  of  sodium  salts  of  triphenyl  rosanilin 
monosulphonic  acid  and  of  triphenyl  para  rosanilin-monosulphonic 
acid. 
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Discovered  and  paiented. — 1862. 
SJiade. — ^Blue.     Not  oflFered. 

FAVOBABLE. 

L.  Santori  (MoletdioU's  Untersuchungen,  1896,  v,  16,  p,  46):  A  dog  weig^ung  4,50D 
gjams  received  25  grams  dye  in  30  days,  which  amounts  to  185  millignuns  per 
kilo  per  day,  or  129.5  grains  per  100  pounds  per  day.  The  urine  remained  <^ 
normal  color,  but  the  stool  was  a  deep  blue  black.  Throughout  the  whole  time 
the  animal  was  in  perfect  health.  Killed  with  chloroform;  autopsy  showed 
everything  normal. 

UNFAVOBABLB.  * 


Nothing. 


G.  T.  478. 


Trade  names. — ^Bavarian  Blue  DSF;  Methyl  Blue,  water-soluble; 
Navy  Blue  B;  Methyl  Blue  for  silk  MLB. 

Scientific  name. — Sodium  salt  of  triphenyl  pararosanilin  di-  and 
tri-sulpho  acid. 

Discovered. — 1862;  not  patented. 

Shade. — Blue.    Not  offered. 


Nothing. 


FAVORABLE. 


UNFAVORABLE. 


1.  Chlopin  (p.  170)  examined  this  color,  and  on  his  own  experiments  classed  it  as 
''nonpoisonous  but  not  quite  indifferent." 

Experimental  data  by  Chlopin. 
[1  gram— 115  mg— 61  gndns.] 


Bate. 

Dose. 

Weight. 

24  hours' 
urine. 

General  oonditicm  of  yn^rnoi  and  mlxie. 

1901. 
May  18 
19 

Oramt. 
2 

KUoi. 

8.7 

cc. 
450 
366 
380 
370 

Dog  and  urine  quite  nonnal. 
Urme  slightly  greenish;  no  albumen;  add. 
Do. 

23 

24 

2 

Do. 

25 

Do. 

28 

2 

Do. 

27 

370 
820 

Do. 

28 

2 

Do. 

29 

Do. 

30 

2 

Urine  slightly  greenish;  traoes  of  albumen;  acid. 
Do. 

31 

525 

June    1 

Do. 

2 

327 

Do. 

^ 

Do. 

4 

3 

" 

Do. 

5 



Urine  slighUy  greenish;  traces  of  albumen;  add;  diantiea. 
Do. 

6 

3 

405 

7 

Urine  slightly  greenish;  traces  of  albumen;  add. 
Do. 

8 

3 

395 
858 
370 
340 
1400 
425 

9 

Do. 

10 

3 

Do. 

11-16 

Color  normal:  trarawof  aJhinnAn 

16 

Do 

17-29 

8.6 

Do. 

Total. 

22 

iDaUy. 
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G.  T.  479. 

Trade  names. — ^Methyl  Blue  O;  Brilliant  Cotton  Blue  greenish; 
XL  Soluble  Blue;  Diphenylamin  Blue;  Bavarian  Blue  DBF;  Soluble 
Blue  SB  and  lOB;  Helvetia  Blue. 

ScierUiJic  name. — Sodium  salt  of  triphenyl-pararosanilin  tri- 
sulphonic  add. 

Discovered  and  paterUed, — 1862. 

Shade. — ^Blue.     Not  oflFered. 


Nothing. 


FAVORABLE. 


UNFAVORABLE. 


1.  Chlopin  {p.  IBS)  examined  this  color  and  on  his  own  experiments  classed  it  as 
''suspicious"  or  ''nonsuspicious"  dependent  upon  the  make  of  goods. 

RcpeniMnJUd  data  by  Chlopin. 

No.  1. 

[1  gram— 75  mg— 53  grains.] 


Date. 

DOM. 

Welgbt. 

24hoai8' 
mine. 

General  condition  of  animal  and  urine. 

190L 
May  14 

15 

OrafM. 
2 

KUot. 
18.4 

ce. 
460 

Dog  normal;  no  albumen. 
Color  same;  no  albumen. 

16 

2 

17 

410 

Uxlne  normal;  no  albumen;  dog  is  well. 

Total.. 

4 

No.  2. 
(1  gram— 152  mg.— 106  grains.] 


18 

3 

6.6 

300 

Dog  quite  well;  urine  normal  color;  add;  no  albumen. 

15 

3 
3 
3 
3 

Do. 

16 

300 
306 
330 

Do. 

17 

Urine  neenish  color;  no  albumen. 
Urine  darker;  no  albumen. 

10 

20 

21 

Urine  color  normal;  no  albumen. 

22 

6.8 

Coknr  abnost  normal. 

TotaL. 

15 

This  preparation  from  Moscow;  not  suspicious. 

No.  3  (Mebck's  Prxpabation). 
[1  gram- 147  mg— 103  grains.) 


Date. 

Dose. 

Weight 

24boui8' 
urine. 

Oeneral  condition  of  animal  and  urine. 

Wk  18 
19 

6.0 

400 

normal  yellow  color:  2  boun  after  ^ving  dye  vomiting. 
Voniiting  stopped;  diarrhea;  urine  chocolate-brown;  reaction 

add;  considerable  albumen;  appetite  not  decreased. 
During  night  diarrhea;  no  vomiting;  urine  brown;  add;  traces  of 

albumen;  without  add  urine  beomies  blue. 
No  diarrhea;  no  vomiting;  urine  brown;  traces  of  albumen. 
Urine  teown,  with  blue  sheen;  traces  of  albumen. 

30 

330 

21 

22 

6.8 

23 

usual  color  8  days  later. 

TetU.. 

15 

Conclusion:  "Suspicious." 
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G.  T.  480. 

Trade  names. — Soluble  Blue;  China  Blue;  Cotton  Blue;  Blea 
Marine;  Water  Blue;  Water  Blue  6  B  extra;  London  Blue  extra. 

Names  under  which  it  was  offered  on  the  United  States  market  a*  a 
food  color  in  1907. — ^Pure  Soluble  Blue. 

Scientific  nam^. — Sodium,  ammonium  or  calcium  salt  of  the  tri- 
sulphonic  acid  (with  some  disulphonic  acid)  of  triphenyl-rosanilin  and 
triphenyl-pararosaniUn. 

Discovered  and  patented. — 1862. 

Shade. — Blue.    Offered  by  1  out  of  12  sources. 

FAVOBABLB. 

1.  Permitted  by  law  of  Austria. 

2.  LiBBEB  (p.  W)'  A  guinea  pig  received  306  milligrams  per  kilogram  body  wei^t, 

or  214  grains  per  100  pounds,  once  a  day  seven  times  every  other  day;  the  weight 
remained  substantially  constant,  a  slight  gain  of  less  than  f  per  cent  being  noted. 
'*  Nothing  irregular  or  distiurbing  whatsoever  was  observed  during  the  whole 
period." 

3.  Santori  (MoleschoWs  Unterauchungen,  1896^  v.  15,  p.  4S):  A  dog  weighing  4,500 

grams  received  30  grams  dye  in  30  days  which  amounts  to  223  milligrams  per 
kilo  per  day  or  156  grains  per  100  pounds  per  day.  Animal  remained  well 
throughout;  no  loss  of  weight  or  appetite;  urine  normal  color,  stool  deep  blue; 
killed  with  chloroform;  autopsy  showed  a  pea-green  coloring  of  the  cortex  of 
the  kidneys. 

UNFAVORABLE. 

1.  Fbaenkel  (p.  674)t  quoting  Penzoldt,  says  that  it  completely  arrests  germ  devel- 

opment, and  causes  changes  intemaUy. 

2.  Santori  {MoleschoWs  Uhtersuchungen,  1895,  v.  15,  p.  46):  Regards  this  as  injurious 

hypodermically,  but  not  through  mouth.  A  dog  weighing  4,000  grams  received 
8.5  grams  of  dye  hypodermically  in  16  days,  at  the  end  of  which  time  he  died; 
this  amounts  to  55  milligrams  per  kilo  per  day  or  38.5  grains  per  100  pounds 
per  day.  The  autopsy  showed  the  liver  to  be  free  from  blood;  kidneys  soft 
and  congested;  all  oigans  swollen  and  colored. 

G.  T.  483. 

Trade  names. — ^Aurin;  Rosolic  Acid;  Yellow  Corallin. 
Sdeniifi^  name. — ^Mixture  of  aurin  (trioxytriphenyl-carbinol)  oxi- 
dized auriiij  methylaurin,  and  pseudo-rosolic  acid  (corallin  phthalin). 
Discovered. — 1834. 
Shade. — ^Yellowish  brown.    Not  offered. 

FAVORABLE. 

1.  Lbwin  (Lehrbuch  der  Toxikologie,  1897,  p.  231):  Roeolic  Acid  is  positively  non- 
poisonous. 
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UNFAVORABLE. 


1.  Ghlofin  (p,  167)  examined  this  color,  and  on  his  own  experiments  classes  it  as 
"strongly  poisonous."    The  experimental  data  are  as  foUows: 

[1  gram— 137  mg-96  grains.] 


Date. 

Dose. 

Welc^t. 

24  hours' 
mine. 

General  condition  of  animal  and  nrine. 

1902. 
Mar.  12 

13 

Gramt, 

1 

2 
3 
8 

KUoi, 
7.3 

ee. 
330 

875 
300 

Beliore  experiment  dog  quite  well;  urine  noimal  color;  acid;  no 

albumen. 
Diarrhea;  urine  faint  red. 

14 

DiAirhfiA;  lasafttidA;  Mts  littlA:  urine  tim]:  nn  albimien. 

15 

Violent  diarrhea  and  vomiting;  dog  stands  on  feet  with  diffi- 
culty; eats  nothing. 

Same  conditions  as  on  preceding  day;  dog  sick  for  a  long  time 
after. 

16 

TotaL. 

9 

2.  Prohibited  by  the  German  law  of  1887. 

3.  Prohibited  by  the  Belgian  law  of  June  17,  1891. 

4.  Buss  lists  it  as  poisonous. 

DOUBTFUL. 

1.  Lb  WIN  (Lehrbuch  der  Torikologie,  1897,  p.  tSl):  Rosolic  Acid  is  positively  non- 
poisonous.  Small  animals  can  take  1  gram  and  more  of  it.  In  Austria  it  is 
prohibited  for  use  in  coloring  foods.  Corallins,  or  red  (Pseonin)  or  yellow 
colors,  consisting  of  Aurin  and  Rosolic  Acid  were  regarded  as  poisonous 
because  in  experiments  on  man  and  animals  illness  occurred,  but  are  said  to 
be  poisonous  only  in  the  presence  of  arsenic,  phenol,  or  anilin.  These  sub 
stances  are  prohibited  in  the  coloring  of  food. 

G.  T.  488  or  490. 

Trade  name. — ^Victoria  Blue;  Victoria  Blue  B;  Victoria  Blue  4R. 
Scientijic  names. — Hydrochlorid  of  phenyltetra  (penta)  methyl- 
triamido-diphenyl-alpha-naphthyl-carbinol  (note:  4R  is  bracketed). 
Discovered  and  patented. — 1883. 
Shade. — ^Blue.     Not  offered. 


Nothing. 


FAVORABLB. 


UNFAVORABLE. 


1.  Santori  {MoleschoWs  Untermchungeny  1895,  v.  15,  p.  47):  A  dog  weighing  6,250 
grams  received  10.5  grams  dye  in  22  days,  which  amounts  to  45  milligrams 
per  kilo  per  day  or  32  grains  per  100  pounds  per  day.  After  receiving  1.5 
grams  the  animal  suffered  copious  continuous  salivation,  anemia,  and  emacia- 
tion and  occasional  vomiting.  The  urine's  color  did  not  change;  the  feces 
became  blue;  temperature  slightly  above  and  below  normal;  although  highly 
emaciated  (loss  in  weight  was  1,750  grams  or  33|  per  cent)  the  animal  retained 
its  appetite;  animal  died  on  the  morning  of  the  23d  day.  The  autopsy  showed 
oesophagus,  stomach,  and  intestines  colored  deep  blue  and  filled  with  a  green- 
ish scum,  extended  and  strong  catarrh  of  the  stomach  and  intestines;  kidneys 
and  liver  contained  very  little  blood.  Conclusion:  Poisonous. 
(Note:  It  is  uncertain  which  of  these  two  dyes  Santori  used.) 
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G.  T.  502. 

Trade  name. — ^Rhodamin  G  and  G  extra. 
Scientific  name. — Chiefly  Triethylrhodamiiu 
Discovered  and  patented. — 1891. 
Shade. — ^Bluish.     Oflfered  by  2  out  of  12  sources. 


Nothing. 


FAVORABLE. 


UNFAVORABLE. 


1.  Chlopik  (p.  184)  examined  this  color,  and  on  his  own  experiments  cl 
" suspicious. ''    The  experimental  data  are  as  follows: 

Ezperimental  data  by  CMopin. 
[1  gram— 167  mg*  117  gratas.] 


it  I 


Date. 

Doac. 

Wel^t. 

24  hours' 
urine. 

General  condition  of  animal  and  urine. 

1903. 
Peb.  18 

10 

Gmmi. 
3 

3 
3 
3 
3 

Eilot, 
6 

ce. 
310 

Dog  normal;  urine  add;  no  albumen;  after  2  houiB  tiiln  stool; 
remainder  of  day  lively;  good  appetite. 

Goes  to  stool  ¥rithout  results;  otherwise  as  above. 

20 

21 

270 
320 

Do. 

22 

Do. 

23 

Goes  to  stool  vrithout  results;  urine  nonnal  after  8  days. 

Total.. 

15 

G.  T.  504. 

Ihide  ruimes. — ^Rhodamin  B;  Rhodamin  O;  Safranilin. 

Nam^  under  which  it  was  offered  on  the  United  States  market  as  a 
food  color  in  1907. — ^Rhodamin  B  extra;  Rhodamin;  Rhodamin  B. 

ScientiHc  name. — ^Hydrochlorid  of  diethyhneta-amido-phenol- 
phthalein. 

Discovered  and  patented. — 1887. 

Shade. — ^Bluish  red.     Offered  by  5  out  of  12  sources. 

FAVORABLE. 

1.  LiEBBR  (p.  HI):  A  youjig  female  rabbit  received  339  milligram  body  weight,  or 
237  grains  per  100  pounds,  ^ye  times  on  alternate  days.  "During  the  whole 
period  the  animal  seemed  to  be  perfectly  at  ease,  was  lively,  displayed  good 
appetite,  and  gained  steadily  ***.'>  The  gain  in  weight  was,  lou^y, 
7  per  cent. 

UKFAVORABLE. 

1.  CHLOPm  (pp.  18t,  183)  examined  this  color,  and  on  his  own  experiments  claasifies 
it  as  "not  poisonous,  but  not  entirely  indifferent;  suspicious."  The  experi- 
mental data  are  as  follows: 
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ExperimeTUal  data  by  Chlopin. 
fl  gram  — 109  mg — 76  graina.] 


129 


Date. 

Dose. 

Weight. 

24houi8' 
urine. 

General  condition  of  animal  and  urine. 

1904. 
Feb.  18 

19 

Gram*. 
3 

3 

3 
3 
3 

Kilos, 
9.2 

cc. 
420 

400 

400 

Dog  normal;  urine  aeid,  no  albumen;  strong  yellow  oolor;  2 
hours  after  giving  color  thin  stool. 

ing,  and  reappears  on  cooling;  no  albumen. 
Thin  stool:  no  change  In  other  respects. 
No  diarrtiea;  no  changp  in  other  respects. 

20 

21 

22 

420 

General  condition  good;  urine  red  and  acid;  no  albumen. 

Total.. 

15 

Dog  recovers. 


G.  T.  512. 


Trade  names. — Eosin;  Eosin  A;  Eosin  B;  Eosin  A  extra;  Eosin 
Yellowish;  Eosin  G  G  F;  Water-soluble  Eosin;  Eosin  3  J  and  4  J 
extra. 

Names  under  which  it  vxis  offered  on  the  United  States  marTcet  as  a 
food  color  in  1907. — Eiythrosin  I  N;  Eosin  J;  Eosin  Y. 

Scientific  name. — ^Alkali  salts  of  Tetra-bromo-fluorescein. 

Discovered, — 1874. 

Shade, — Y'ellowish  red.     Offered  by  3  out  of  12  sources. 


FAVORABLE. 


1.  Pennitted  by  Confectioners'  List. 

2.  Weyl  (p.  ^i):  ''According  to  Grandhoinme,  rabbitfi  bear  without  injury    *    *    ♦ 

Eosin    *    *    *." 

3.  Permitted  by  the  law  of  Austria. 

4.  Buss  lists  it  as  nonpoisonous. 


UNFAVORABLE. 


1.  Lewin  (Lehrbudi  der  Toxikologie^  1897,  p,  231):  **The  continued  use  of  theee 

coloring  matters,  as  well  as  of  Phenolphthalein,  which  becomes  colored  in  the 
system,  I  regard  as  harmful,  and,  in  hct,  through  action  as  coloring  matters.'' 

2.  Forbidden  by  the  Italian  law. 

G.  T.  516. 

Tradenames. — ErythrosinG;  PyrosinJ;  Jaxined'Orient;  Dianthin 
G;  lodeosin  G. 

Vame  under  which  it  was  offered  on  the  Umted  States  marTcet  as  a  food 
color  in  1907, — Erythrosin  yellowish  shade. 

Sdmtific  name, — Sodium  or  potassium  salt  of  diiodofluorescein. 

97291**— Bull.  147—12 9 
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Discovered. — 1875. 

Shade. — Yellowish  red.     Offered  by  1  out  of  12  sources. 


Nothing. 


FAVORABLE. 


UNFAVORABLE. 


1.  Chloptn  {p.  181):  Examined  this  color,  and  on  his  own  experiments  reports  it  as 
''injurious  because  of  light  albuminuria,  vomiting,  and  diarriiea."  The 
experimental  data  are  as  follows: 

Experimental  data  by  Chhpin. 

No.l. 
[  1  gram  — 156  mg — 109  grains.  ] 


Dmte. 

Doae. 

Weight. 

24  hours' 
urine. 

0<*neral  condition  of  animal  and  urine. 

1901. 
Apr.  24 
25 

Oranu. 
2 

Kilot.  ' 
6.4 

ee. 
360 
353 
368 
370 

Before  experiment  dog  and  urine  normal. 
Urine  red  yellow  with  greenish  sheen;  acid;  no  albumen. 
Urine  red  yellow  with  greenish  sheen;  acid;  trace  of  albumen. 
Do. 

26 

27 

28 

2 

Udne  red  yellow  with  greenish  sheen;  acid;  no  albumen. 

29 

355 
365 
365 

Do. 

30 

Do. 

May    3 

Do. 

• 

Total. 

4 

No.  2. 
[1  gram  — 152  mg  — 106  grains.) 


1901. 
Nov.  24 

6.6 

345 

Dog  and  urine  normal. 

Do. 
Urine  fluorescent  orange;  no  albumen. 
Vomiting,  diarrhea;  urine  orange;  no  albumen.  . 
No  vomiting  and  no  diarrhea;  orlne  fluorescent,  red; 
men. 

Do. 

Do. 
Color  and  composition  of  urine  normal;  dog  well. 

25 

3 
3 
3 
3 

3 

26 

27 

28 

380 
340 

no  a]bo> 

29 

30 

Deo.  2-3 

Total. 

16 

DOUBTFUL. 

1.  WiNOORADOW  (Zt9.  Nohr.  Gentisftm.  190S,  v.  6,  p.  589)  says  it  almost  completely 
inhibits  digestion. 

G.  T.  517. 

Trade  names. — Erythrosin;  Erythrosm  B;  lodeosin  B;  Eosin  J; 
Erythrosin  D;  Pyrosin  B;  Eosin  Bluish. 

Names  under  which  it  vxls  offered  on  the  United  States  market  as  a 
food  color  in  1907. — Erythrosin  Yellow  Shade;  Erythrosin  B;  Erj^- 
throsin. 
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SderUiJic  name, — Sodium  or  potassium  salt  of  tetraiodofluorescein. 

Discovered. — 1876. 

Shade, — Bluish  red.     Offered  by  5  out  of  12  sources. 

FAVORABLE. 

1.  Permitted  by  Oonfectionere*  List. 

2.  Wbyl  (p.  SI):  "According  to  Grandhomme,  rabbits  bear  without  injury    ♦    ♦    ♦ 

Erythrosine    *    *    *." 

3.  Permitted  by  the  laws  of  France. 

4.  Permitted  by  the  law  of  Austria. 

5.  FsA£NKBL  (p,  574):   **Roee  Bengal    *    *    *    produces  no  noticeable  disturb- 

ances.'* 

6.  Buss  lists  it  as  nonpoisonous. 

UNFAVORABLE. 

1.  Lb  WIN*  (Lehrbuch  der  Torihologie,  1897,  p.  iSl):  "The  continued  use  of  these 
coloring  matters,  as  well  as  of  phenolphthalein,  which  becomes  colored  in  the 
system,  I  regard  as  harmful,  and,  in  fekct,  through  action  as  coloring  matters." 

G.  T.  520. 

Trade  names. — Rose  Bengal;  Rose  Bengal  A  T;  Rose  Bengal  N; 
Rose  Bengal  G. 

Nam^s  under  which  it  was  offered  on  the  United  States  market  as  a 
food  color  in  1907.— Rose  Bengal  B;  Phloxin  B. 

Scientific  name, — Alkaline  salt  of  tetraiododichlorofluorescein. 

Discovered. — 1875. 

Shade. — Bluisli  red.     Offered  by  2  out  of  12  sources. 

FAVORABLB. 

1.  Permitted  by  Confectioners'  List. 

G.  T.  521. 

Trade  fwim^^.— Phloxin;  Phloxin  TA;  Eosin  lOB. 
Scientific  name. — Sodium  salt  of  tetrabromotetrachlorofluoresmn. 
Discovered.— 1%92. 
<  Shade. — Red.     Not  offered. 

FAVORABLE. 

1.  Permitted  by  ConfectionerB'  List. 

2.  Permitted  by  the  Austrian  law. 

3.  Chlopin  (p.  185)  examined  this  color,  and  on  his  own  experiments  classifies  it  as 

''nonpoisonous. "    The  experimental  data  are  as  follows: 
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Experimental  data  by  Chlopin. 

No.  1. 

[1  gram— 143  mg— 100  grains.] 


Date. 

Dose. 

Weight. 

24  hours' 
urine. 

General  condition  of  animal  and  urine. 

1901. 
Apr.  10 
11 

Onms. 
1 

KOm. 
7.0 

cc 
380 
370 
870 
370 

Dog  and  urine  quite  nonnaL 
Do. 

12 

Do. 

13 

3 

Do. 

14 

Urine  orange. 
Do. 

16 

390 

Total.. 

4 

No.  2. 
[1  gram— 116  mg— 81  grains.  1 


1901. 
Nov.    8 

4 

3 

&6 

4fi0 
430 

Dog  well;  urine  normal  color;  acid; 
Urine  orange;  no  albumen. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Color  almost  nonnal;  no  albumen. 

Do. 

noalbumao. 

5 

3 

6 

400 
440 
430 
4fi0 
400 

7 

3 
3 

8 

0 

10 

3 

11 

13-14 

Total.. 

15 

G.  T.  527. 

Trade  names, — Coerulein  S;  Alizarin  Green;  Anthracene  Green. 
Scientific  name. — Sodium  bisulphite  compound  of  coerukin. 
Discovered, — 1879. 
Shade. — Black.     Not  oflFered. 

FAVORABLE. 

.  1.  Chlopin  (pp.  186-7)  examined  this  color,  and  on  his  own  experiments  reports  it  as 
''nonpoisonous,  and  not  sufficient  data  to  regard  it  as  suspicious."  Tlie  exper- 
imental data  are  as  follows: 

Experimental  data  by  Chlopin, 

No.  1. 

[1  gram- 147  mg-103  grains.] 


[   Date. 

Dose. 

Weight. 

24  hours' 
urine. 

General  condition  of  animal  and  urina. 

1901. 
Aug.  80 

Oratiu. 
2 

EUoi. 

6.8 

cc. 
320 
330 
300 
330 
300 

Before  experiment  dog  quite  nonnal. 
Urine  normal:  acid:  no  albumen. 

Sept.    1 

3 
3 

Do. 

Urine  has  scarcely  perceptible  sheen;  no  albomea 
Do. 

o 

3 
3 
3 
3 

Do. 

300 

Do. 

Do. 

Nothing  abnonnaL 
Do. 

310 

10 

2 

Do. 

11 

376 

Do. 

12-18 

Do. 



Total.. 

23 
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Experimental  data  by  Chlopin — Continued. 

No.  2. 

[1  gram— 167  mg— 117  grains.] 


ISS 


Date. 

Dose. 

Weight. 

24  hoars' 
urine. 

General  condition  of  animal  and  orine. 

10Q2. 
Mar.    8 

4 

Grams. 
2 
3 
3 

2 

KUot. 
6 

ce. 
270 
250 
266 

Beldre  experiment  dog  quite  well;  urine  normal 
Urine  yellow  with  orange  sheen;  acid;  no  albumen. 

no  albumen. 
Stool  normal;  urine  yellow  green;  acid;  no  albumen;  general 
condition  quite  well. 

5 

6 

Total.. 

10 

DOUBTFUL. 

1.  WiNOORADOW  {Zts,  Ndhr,  GmiiMm.,  190$ y  v,  6,  p.  5S9)  says  it  almost  completely 
inhibits  digestion. 

G.  T.  530. 

Trade  name. — Benzoflavin. 

ScienUf^c  name. — ^Hydrochlorid  of  diamido-phenyl-dimet^yl-^ridin. 

Disoovered.—18S7. 

Shade. — ^Brownish  orange  yellow.    Not  offered. 


Nothing. 


FAVOBABLB. 


UNFAYOBABLE. 


1.  Chlopik  (p.  189)  on  his  own  experiments  regards  this  color  as  suspicious.    The 
experimental  data  are  as  follows: 

Experimental  data  by  Chlopin. 


Date. 

Dose. 

Weight. 

24  hours' 
urine. 

General  condition  of  animal  and  urine. 

i.r» 

GFraiM. 
2 

EQot. 

cc. 
365 

m 

Before  experiment  dog  well  and  urine  normaL 
Dog  ate  poorly;  traces  of  albuoken. 

2 

330 
876 

Urine  greenish  sheen;  acid. 
Color  same;  no  albumen. 

2 

Do. 

Do. 

Total.. 

6 

G.  T.  532. 

Tradenames. — ^Phosphin;  Xanthin;  Leather  Yellow;  Philadelphia 
Yellow  G. 

Sdeniijic  name. — Nitrate  of  chrysanilin  (unsym.  diamido-phenyl-* 
acridin)  and  homologues. 

Digeovered.—1862. 

Shade. — Orange  yellow.     Not  offered. 


FAVORABIE. 


Nothing. 
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INFAVORABLE. 

1.  Chlopin  (p.  190)  reports  Fuchain  containing  Phoephin  as  suspicious. 

2.  On  his  own  experimento  says  this  color  '*does  not  belong  to  the  poisonous  colon, 

but  is  not  wholly  harmless. '  *    The  experimental  data  are  as  follows: 

Experimental  data  by  Chlopin. 
[I  gram- 147  mg- 103  grains.] 


Date. 

Dose. 

Weight. 

24  hours' 
urine. 

Qeoeral  condition  of  animal  and  urine. 

1901. 
Apr.  15 
1« 

Oranu. 

Kllot. 
6.8 

ee. 
390 
350 
350 

Dog  well;  urine  normal. 
Do. 

2 

17 

Do. 

18 

3 

dye;  no  albumen. 
Urine  same;  no  vomiting. 

19 

330 
370 

21 

2 

Vomited  twice;  urine  same. 

22 

No  vomiting;  urine  same. 
Color  normal. 

23 

24 

Dog  well;  urine  normal. 

Total.. 

7 

3.  (p.  178):  See  experimental  data  on  G.  T.  448,  which  also  applies  to  this  color. 

4.  Frasnksl  (p.  578):  Where  its  physiological  action  is  compared  with  quinin  its 

action  on  protozoa  is  far  greater.  "The  Phosphins  are  locally  strong  irritants, 
and  producers  of  inflammation  of  medium  poisonous  nature  so  that  humans 
can  very  well  bear  400  milligrams,  or  6.17  grains. 

5.  Lewin  {Lehrlnich  der  Taonhologie,  1897 ^  p.  252):  ''Phosphin    •    •    •    ptoduces 

in  humans,  in  doses  up  to  1  gram,  vomiting  and  diarrhea." 

DOUBTFUL. 

1.  WiNOGRADOW  {ZU,  Nahr.  Genuum.,  1903 y  v.  6,  p.  589)  says  it  almost  coii4>letely 
inhibits  digestion. 

G.  T.  563. 

Trade  names. — Alizarin  Blue  S;  Anthracene  Blue  S;  AliEarin 
Blue  ABS. 

ScierUiJic  name. — Sodium  bisulphite  compound  of  dioxyanthra- 
quinone-beta-quinolin. 

Discovered  and  patented. — 1881. 

Shade. — Blue.     Not  offered. 


1.  Permitted  by  law  of  Austria. 


FAVORABLB. 


UNFAVORABLE. 


1 .  Chlopin  (p.  171):  On  authority  not  given  reports  this  color  as  poisonous  or  harmfol. 

2.  Ehruch  (Das  iSauerstoffbeduerfniss  des  Orgamsmus,  1885,  p,  23):  '*Per  kilogram 

of  rabbit,  12-15  cc  of  this  solution  in  general  produce  death  within  the  first 
quarter  of  an  hour;  whereas  4  cc  of  the  same  did  not  usuaUy  produce  it|  and 
7  cc  represent  a  medium,  when  properly  applied,  fatal  dose.'-  (This  solution 
contained  not  to  exceed  17  per  cent  colorii:^  matter;  each  cubic  centimeter 
represents  170  milligramfl  per  kilogram  body  weight,  or  119grainsper  100 pounds; 
the  coloring  matter  was  introduced  subcutaneously.) 

3.  Buss  lists  it  as  poisonous. 
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G.  T.  572. 

Tradename. — Indophenol  white;  Leucindophenol. 
Scientific  name. — Tin  compoumd  of  dimethyl-para-amido-pbenjl* 
para-oxy-alphanaphthylamin. 
Discovered. — 1881 . 
Shade. — ^Blue.     Not  offered. 

FAVORABLE. 

Nothing. 

UNFAVORABLE. 

1.  Santori  (Mole9choU'a  Untenuehungen,  1895,  v.  16,  p.  ST):  A  dog  weighing  4,000 
grama  received  18  grams  dye  in  30  days,  which  amounts  to  150  milligrams  per  kilo 
per  day  or  105  grains  per  100,  pounds  per  day.  Temperature,  urine,  and  weight 
all  remained  unchanged.  Animal  killed  with  chloroform;  autopsy  showed 
fatty  degeneration  of  the  liver;  everything  else  normal.  (Santori  classes  this 
color  as  *'  not  nonpoisonous.'') 

G.  T.  574- 

Trade  nam^e.—VTsol  D;  Uraol  P;  Ursol  DD. 
ScienHJic  nanne. — ^Hydrochlorids  of  para-phenylene  diamin^  para- 
amidophenol/  and  diamidodiphenylamin,  respectively. 
Discovered. — 1888. 
Shade. — ^Brown  to  black.    Not  offered. 

FAVORABLE. 

Nothing. 

UNFAVORABLE. 

1.  Ghlopin  (p.  tl4)  examined  this  color,  and  on  his  own  experiments  repeats  it  as 
''strongly  poisonous.'*  On  January  15,  1901,  a  dpg  weighing  18.4  kilos  was 
given  3  grams.  An  hour  or  an  hour  and  a  half  after  giving  dye  vomiting  set 
in;  dog  lay  down  on  one  side  and  died  in  3  or  4  hours.  Cause  of  death, 
heart  filled  with  coagulated  blood;  lungs,  liver,  and  kidneys  filled  with  blood; 
turbid  swelling  of  the  liver  and  heart;  mucous  membrane  of  stomach  inflamed; 
brain  unchanged.  Death  caused  by  paralysis  of  the  heart.  It  also  acts 
severely  on  the  skin. 

G.  T.  576. 

Trade  rumies. — New  Gray;   Malta  Gray;  Nigrosin;  Direct  Gray; 
Methylene  Gray;  New  Methylene  Gray. 
Sdentijic  name. — ( ?) 
Discovered.— IS&%. 
Shade. — Gray.    Not  offered. 

FAVORABLE. 

1.  Cblopik  (p.  f09)  examined  this  color,  and  on  his  own  experiments  concludes  it 
contains  "no  poisonous  properties.''    The  experimental  data  follow: 
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Experijnental  data  by  Ohio  pin. 
[1  gram— 77  mg-54  grains.] 


Date. 

Dose. 

weight.      ^ine. 

19Q2. 
Feb.    8 
9 

OniTM. 
3 

Knot.          cc. 
12.0             510 
480 

Dog  quite  well;  urine  quite  normal. 
Urine  green  color;  acid;  do  aUramen. 

10 
11 

3 
3 

400 
450 

Do. 
Do. 

12 

3 
3 

3 

475 

Do. 

13 

Vomited  once;  urine  dark  green;  acid;  no  albumen. 

14 

Do. 

15 
16 

12.8  1            490 

Do. 
Urine  H^iter  shade. 

17 

;:;';:*;i: : ::: :::i      4?^ 

Urine  normal;  dog  well. 

I- 

Total. 

21 

G.  T.  S84. 

Trade  names. — Safranin;  Safranin  S;  Safranm  cone;  Safranin 
GOO;  Safranin  T;  Safranin  extra  G;  Safranin  FF  extra;  Safranin 
AG,  AGT,  and  OOF. 

Name  under  which  it  vxis  offered  on  the  United  States  market  as  a 
food  color  in  1907. — Safranin  SP. 

Sdentijic  name. — Mixture  of  diamido-phenyl-and-tolyl-tolazonium 
chlorids. 

Discovered  and  patented, — 1859. 

Shade. — Reddish  brown.     Offered  by  1  out  of  12  soim^es. 

FAVORABLE. 

1.  Cazeneuve  (Arch.  gen.  de  mid.  1886,  Vol.  /,  p.  76S):  Producee  gaatro-intestiiial 
disturbancee  but  is  not  a  violent  poison. 

UNFAVORABLE. 

1.  Prohibited  by  Coideci&fmen*  List. 

2.  Wbyl  (p.  SI):  "Cazeneuve  and  L^ine  pointed  out  the  poiac^l^ad  sature  of 

♦    •    ♦    Safranine." 

3.  '"This  body  (Chamber  of  Commerce  of  Sonnebeig)  recommends  for  the  prepara- 

tion of  children's  toys  three  colors,  Uie  poieooous  chaxacter  ^  nAdcfa  I  can 
demonstrate.    These  are    *    *    *    Safranine    *    *    *  .    (p.  S4.) 

4.  Weyl  (Ilandbuch  der  Hygiene):  "According  to  Theodore  Weyl  this  is  even  in  small 

doses,  when  injected  subcutaneously ,  a  strong  poison ''  (50  nuUigrams  per  kilo 
body  weight,  or  35  grains  per  100  pounds);  ''whereas,  when  administered  by 
the  stomach  only  large  doses  over  a  long  period  of  time  produce  dianfaea.'' 
'  5.  Lewin  (LehrbiLch  der  Toxihohgie,  1897 ,  p.  2Sf):  "Safranin  is  poisonous  when 
injected  intravenously.  (Pulse  acceleration,  dyspnoea,  cramps.)  Fed  to  dogs 
by  the  mouth  it  causes  only  diarrhea." 

6.  Prohibited  by  the  Resolutions  of  the  Society  of  Swiss  Analytical  ChemiAts,  of 

September,  1891. 

7.  Prohibited  by  the  Canton  of  Tessin. 

8.  Buss  lists  it  as  poisonous. 

9.  Cazeneuve  and  Lupine  (Compt.  rend.  1885 ,  v.  101,  p.  1011):  A  dog  (wei^t  not 

given)  was  given,  by  the  mouth,  daily  doses  of  from  1  to  4  grams  for  several 
weeks;  only  salivation  and  diarrhea  were  produced.  They  conclude  that  it 
is  a  harmful  color. 
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DOUBTFUL. 

1.  WiNOGRADow  (Zts.  Nohr,  Genussm.,  190S,  v,  6,  p.  589)  eays  it  almost  cqto' 
pletely  inhibits  digestion. 

G.  T.  593. 

Trade  names. — Mauve;  Mauvein;  Chrome  Violet. 
Obsolete  names. — Mauve  Dye;    Anilein;    Anilin  Purple;    Violeiix; 
Indisin. 
Scientific  name. — Salts  of  phenyl-  and  tolyl-safranins. 
Discovered  and  patented. — 1856. 
Shade. — ^Blue,  Reddish  Blue,  Bluish  Violet.    Not  offered. 

FAVORABLE. 

1.  Pennitted  by  Confectioners*  List. 

G.  T.  599. 

Trade  names. — Indulin,  spirit  soluble;  Indulin  opal;  Fast  Bhie  R 
and  B,  spirit  soluble;  Indulin  3B  and  6B,  spirit  soluble;  Indulin  3B 
opal;  Indulin  6B  opal;  Azin  Blue,  spirit  soluble;  Indigen  D  and  F; 
Ranting  Blue;  Acetin  Blue. 

Scientific  name. — Mixtures  of  dianilidoamido,  trianilido  and  tetra- 
anilido  phenyl-phenazoniimi  chlorids. 

Discovered  and  patented. — 1863. 

Shade. — ^Blue.     Not  oflfered. 

FAVORABLE. 

1.  Santori  {MoleschoWa  Untersuchungeny  1895^  v.  /5,  p.  50):  A  dog  weighing  4,600 
grams  received  12.5  grams  of  this  dye  (in  oil)  in  30  days,  which  amounts  to  91 
milligrams  per  kilo  per  day,  or  64  grains  per  100  pounds  per  day.  There  was  no 
disturbance  of  any  kind.  Killed  by  chloroform;  autopsy  showed  everything 
to  be  normal. 

G.  T.  600. 

Trade  nximes, — Nigrosin,  spirit  soluble;  Coupier's  Blue;  Oil  Black; 
Sloelin;  Spirit  Black. 

Scientifi^c  name. — Mixtures  of  Indulins  with  allied  bases  and  fluprin- 
dins. 

Discovered  and  patented. — 1867. 

Shade. — ^Black.     Not  oflfered. 

FAVORABLE. 

1.  Permitted  by  Confectioners'  List. 

G.  T.  601. 

Trade  names. — ^Indulin,  soluble;  Indulin  3B;  Fast  Blue  R  and  3R; 
Sloelin  R  S  and  B  S;  Indulin  R  and  B ;  Indulm  6  B ;  Fast  Blue  2R,  B, 
and  6B. 
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Scientif/^  name, — ^Mixtures  of  the  sodium  salts  of  the  sulphonic 
acids  of  the  various  spirit-soluble  indulins. 
Discovered  and  paiented. — 1867. 
Shade, — ^Bronzy  or  Blue  Black.    Offered  by  1  out  of  12  sources. 

FAVORABLE. 

1.  Chlopin  (pp.  198-9):  On  his  own  experiments  classifieetliiB  color  aanonpoiBonous. 
The  experimental  data  are  as  follows: 

Experimental  data  by  Chlopin. 

Kg.  1. 
[1  gram—  54  mg—  38  grains-l 


Dftte. 

Dow. 

Wei^t. 

24  hours' 
urine. 

Oonenl  ooinditkxi  of  ftfilrrl  Mid  urtos. 

1003. 
Jan.     5 
0 

Gnmt, 
8 

KOot. 
18.4 

ee, 
660 
670 
400 
410 
400 
400 
MO 
560 
650 
630 

Dog  and  urine  normal. 

Urine  brown;  acid;  no  albumen. 

7 

3 
3 
3 
3 
3 

Urine  greenish  brown;  no  albumeo. 

8 

Da 

0 

Da                             • 

10 

Do. 

11 

Da 

13 

Da 

13 

Do. 

14 

Color  and  compoelUon  of  urine  normal;  dog  to  welL 

ToUl. 

18 

No.  2. 
(1  gram>-114mg— 80  grains.] 


1902. 
Jan.   14 
15 

3 
3 
3 

&8 

430 
390 

16 

18 

430 

19 

30 

21 

8 
3 
3 

8.8 

23 

400 
460 
400 
450 
400 

33 

34 

35 

36 

Total. 

18 

Dog  and  urine  normal. 

Urine  slightly  blue;  acid;  no  albumen. 

Do. 

Da 
Urine  almost  normal  color;  no  albumen. 
Color  and  other  properties  of  urine  normaL 
No  record. 
Urine  slightly  bluish;  no  albumen. 

Da 
Dark  green;  no  albumen. 
Feeble  green;  no  albumen. 
Urine  normal;  dog  well. 


UNFAVORABLE. 

1.  Santori  {MoUbcHoWb  UnUrsuckungen,  1895 ^  v.  15 y  p.  55):  A  dog  wei^ung  4,500 
grams  received  4  to  6  grams  dye  in  7  days,  which  amounts  to  127  to  190  milli- 
grams  per  kilo  per  day ,  or  89  to  133  grains  per  100  pounds  per  day .  No  vomiting. 
Stool  black  blue  and  no  change  in  the  urine.  Up  to  the  sixth  day  the  animal, 
in  very  good  general  condition,  ate  heartily  and  was  quite  lively;  temperature 
unchanged .  On  the  morning  of  the  sixth  day  the  animal  was  found  in  hia  cage 
suffering  from  general  qiuscular  cramps  which  were  heightened  by  the  slightest 
noise;  the  animal  did  not  respond  to  calls  or  threatening  movements  and  was  in 
a  complete  stupor.  This  continued  for  24  hours,  when  the  animal  died.  The 
autopsy  showed  numerous  pimctures  of  the  lungs  and  of  the  mucous  membrane 
of  the  stomach;  fatty  degeneration  of  the  liver  and  little  blood  in  it;  kidneys 
without  change,  although  the  cortex  was  colored  a  light  green . 
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G.  T.  602. 

Trade  names. — ^Nigrosin,  soluble;  Bengal  Blue;  Gray  R  and  B. 
Scientific  name. — Sodium  salts  of  sulphonic  acids  of  spirit  nigro- 
sins. 

Discovered  and  patented. — 1867. 
Shade. — ^Black.     Not  offered. 


Nothing. 


FAVORABLE. 
UNFAVORABLE. 


1.  Lb  WIN  {Lehrbuch  der  Toxikologiey  1897,  p.  231)  says:  "Produces  eczema,"  and 
cites  DeuUdie.  Med.  Wochenschr.,  1891,  page  45. 

G.  T.  614. 

Trade  nam^s. — ^Magdala  Red;  Naphthalene  Rose;  Sudan  Red; 
Naphthalene  Red;  Naphthylamin  Pink. 

Scientific  name. — ^Mixture  of  amido-naphthyl-naphthazonium- 
chlorid  and  diamido-naphthyl-naphthazonium  chlorid. 

Discovered.— 1S6S. 

Shade. — Red.     Not  offered. 


Nothing. 


FAVORABLB. 
UNFAVORABLE. 


1.  Chlopin  {p.  200)  examined  this  color,  and  on  his  own  experiments  concludes  it 
"does  not  belong  to  the  poisonous  list,  but  is  not  wholly  harmless."  The  ex- 
perim^ital  data  are  as  follows: 

Experimental  data  by  Chlopin. 

No.l. 
(1  gram—91  mg— 64  grains.] 


Date. 

Dosp. 

Weight. 

24  hours' 
urine. 

General  condition  of  animal  and  urine. 

1902. 
Apr.  12 
13 

OraiM. 
2 

KUo9. 
11 

cc. 
780 

1,100 
760 
660 
670 

Before  experiment  dog  and  urine  normal. 
Urine  rose-colored:  acid;  no  albumen. 

14 

3 

Do. 

15 

Urine  quite  red;  acid;  no  albumen;  vomited  once. 
No  vomiting;  dog  is  well;  urine  normal  in  color  and  oompo* 
sition. 

18 

Total. 

5 

; 

Xo.  2. 
[1  gram- HI  mg- 78  grains.) 

4 

3 
3 
3 

9 

380 
340 
370 

Dav  before  experiment  quite  weii;  urine  normal  coior;  acid;  no 

albumen. 
In  the  morning  three  times  thhi  stool,  urine  faintly  rose-colored; 

acid;  no  albumen. 
No  diarrhea;  urine  rose-red;  acid;  no  albulnen. 

Do. 

3 
3 

Do. 

310 
320 

Do. 

Do. 

Total. 

15 

) 
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Experimental  data  by  Odopin — Continued. 
(1  gram— 114  mg— 80  grains.) 


Date. 

Doee. 

w<ki«ht     24  hours' 
Weight.      y^jj^ 

Q«nerel  oondJtion  of  animal  and  urine. 

1908. 
Feb.  10 

Oram*. 
3 

KUo9, 

cc. 
310 

315 
350 

Vomiting  and  diaiTfaea;  urine  rose-red;  no  albmnen;  acid;  witli 

muriaoo  add  rose  color,  becomes  greenish  grav. 
No  vomiting;  no  diarrhea;  urine  rose-red;  acid;  no  albumen. 

11 

12 

8.8 

No  vomittaig;  no  diarrhea;  color  reaction  of  urine  normal;  no 

tdbumcn. "'                     ' 

Total. 

3 

DOUBTFUL. 

1.  WiNOGRADOW  (Zle.  Nahr.  Gentissm.  1903,  v.  6,  p.  589)  saj-s  it  almoet  completely 
inhibits  digeetion. 

G.  T.  620, 

Trade  names. — Gallocyanin  DH  and  BS;  Fast  violet;  Gallocyajiin 
RS,  BS,  and  D. 

Scientific  name. — Dimethylaniido  dioxy  phenazoxoniumcarboxy- 
late.     (BS  is  the  bisulphite  compound.) 

Discovered  and  patented. — 1881. 

Shade. — Bluish  Violet.     Not  offered. 


Nothing. 


FAVORABLE. 


UNFAVORABLE. 


1.  Santori  {MoleechotVs  Untersiu^hungen,  1895,  v.  15,  p.  51):  A  dog  wei^iing  5,400 
grains  received  7.5  grams  dye  in  30  da\'8,  which  amounts  to  46  milligrams  p^ 
kilo  per  day  or  32  grains  per  100  pounds  per  day.  Throughout  all  the  time 
the  animal  remained  well,  had  good  appetite,  temperature  normal,  no  loss  of 
weight;  urine  and  feces  colored  deep  blue  black.  Killed  by  chloroform. 
Autopsy  showed  incipient  fatty  degeneration  of  the  liver  and  a  swelling  of  the 
kidneys.    Conclusion:  Poisonous. 

G-  T.  639- 

Trade  names. — Meldola's  Blue;  Cotton  Blue  R;  Fast  Navy  Blue 
R;  Naphthol  Blue  R  and  D;  Naphtliylene  Blue  R  in  crystals;  Fast 
Blue  R,  2  R  and  3  R  for  cotton  in  crystals;  Fast  Navy  Blue  RM 
and  MM. 

Sdentifi^i  name. — ^Zinc  double  chlorid  of  dimethylamido-naphtho- 
phenoxazonium  chlorid. 

Discovered. — 1879. 

Shade. — Dark  Violet.     Not  offered. 


Nothing. 


favorable. 


UNFAVORABLE. 


Ohlopin  (pp.  194-195)  on  his  own  experiments  reports  this  color  as  "very  poison- 
ous. ' '    The  experimental  data  are  as  follows: 
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(1  gram«68  mg"48  grains.] 
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Dat«. 

Dose. 

Weight 

24  hours' 
urine. 

General  condition  of  animal  and  urine. 

1902. 
Jan.  5... 

Gramt. 
3 

Kilos. 
14.6 

cc. 

.TOO 

Before  experiment  do;  quite  wpII;  urine  normal  in  color  and 
composition;  1  hour  alter  jdving  the  dye  A'omiting  began; 
dog  lay  down  on  ground  and  die<l  in  1  hour. 

Total. 

3 

Xo.  2. 
(1  gram-=  107  mg—  1 17  graias.] 


6  I I  Soon  after  giving  dye,  strong  vomiting  and  diarrhea;  after  a  (eyt 

I  I      hours  improved. 

Most  violent  vomiting:  dog  lay  down  on  his  side,  and  was  found 
dead  in  6  hours. 


NoTK.— See  p.  181. 

2.  Santori  {MoleschotVs  Untersuchungen,  1895,  v.  15,  p.  49):  A  dog  weighing  4,500 
grams  received  12.5  grams  dye  during  30  days;  this  amounts  to  93.3  milligrams 
per  kilo  per  day  or  65.3  grains  per  hundred  potmds  per  day.  Continued  vom- 
iting be^nning  with  0.2  grams  dye,  anaemia  and  copious  as  well  as  continuous 
salivation  and  emaciation;  the  animal  lost  1,200  grams  in  weight  or  27  per 
cent.  Killed  by  chloroform;  autopsy  showed  no  fat,  flabby  muscles,  stomach 
ootitracted  and  filled  with  mucous  and  in  part  colored  pea  green;  latty  degen- 
^tion  of  the  liver;  contracted  bladder;  kidBe>'s  swollen  and  congested  with 
blood  and  decomposed  blood  corpuscles  in  the  Bowman  capsules. 

G.  T.  649- 

Tradenames. — Gentianin;  Gentiana  Violet. 

Scientific  name. — ^Zinc  double  chlorids  of  dimetliyldiamido  phe- 
nazthionium  chlorid. 
Discovered  and  patented. — 1886. 
Shade. — Violet.     Not  offered. 


Nothing. 


FAVORABLB. 


UNFAVORABLE. 


Santori  {MoleschotVs  XlTUersuchungen,  1895,  v.  15,  p.  54):  A  dog  weigjiing  3,000 
grams  received  4.7  gmms  of  dye  in  7  days,  which  amoimts  to  224  milligrams  per 
kilo  per  day  or  157  grains  per  100  pounds  per  day.  B^inning  with  the  third 
day  the  dog  appeared  weak  and  depressed  and  a  whitish  froth  appeared  at 
the  mouth;  mild  diarrhea  and  complete  aversion  to  food;  temperature  and 
uiine  unchanged.  Died  on  seventh  day.  Autopsy  showed  congestion  of 
mucous  membrane  of  stomach;  the  liver  was  inflamed  and  the  kidneys  strongly 
congested. 
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G.  T.  650. 

Trade  names. — ^Methylene  Blue  B  and  BG;  Methylene  Blue  BB  in 
powder  extra  D;  Methylene  Blue  BB  in  powder  extra;  Methylene 
Blue  A  extra. 

Names  under  which  it  vxis  offered  on  the  United  States  marJcel  as  a 
food  color  in  1907. — ^Methylene  Blue  B;  Methylene  Blue. 

Scientific  nams. — Chlorid  or  zinc  double-chlorid  of  tetramethyl- 
diamido-phenazthionium. 

Discovered, — 1876. 

Shade. — ^Blue.     Offered  by  2  out  of  12  sources. 

FAVORABLE. 

1.  ScHACHSRL  (p,  1046):  *'To  these  groups  belong  the  much-used  Methylene  Bhie, 

which  in  moderate  doses  is  harmless.'' 

2.  Frabnkbl  (/>.  674):  *'*    *    *    Methylene  Blue  causes  no  noteworthy  disturb- 

ances." 

3.  Oassnkuve  (Arch.  gSn,  de.  mid.  1SS6,  v,  1^  p,  753)  says  that  it  produces  gastric 

intestinal  derangements  but  is  not  a  violent  poison. 

UNFAVORABLE. 

1.  Prohibited  by  Confectioners'  List. 

2.  Wbtl  (p.  31):  '^Cazeneuve  and  Lupine  pointed  out  the  poisonous  nature  of 

♦    ♦    ♦    Methylene  Blue    *    *    ♦." 

3.  Frabnkbl  (p.  579):  ''To  regard  Methylene  Blue  as  a  specific  remedy  such  as 

quinin,  is,  in  spite  of  a  few  such  experiments,  improper;  it  produces  sub- 
sidiary effects  which  depend  in  part  upon  local  irritation  of  the  Intestinal  tract, 
and  partly,  however,  upon  irritation  of  the  bladder  with  increased  micturi- 
tion." 

4.  Cazbneuve  (Arch.  gSn.  de  mid,  1886,  v.  1,  p.  753\  says  that  it  produces  gastric 

intestinal  derangements. 

5.  CoMBBMALB  and  Francois  {Sem.  Med.  1890,  no.  31,  p.  t68),  say  that  it  produces 

intestinal  disorders  and  vomiting,  colored  urine,  and  odoied  feces  in  dogs, 
and  therefore  is  a  highly  injurious  color. 

6.  Santori  (MoleechotVe  Unterstiehungen,  1895,  v.  15,  p.  4i)  classes  it  as  injurious.    A 

dog  weighing  4,600  grams  received  in  20  days  18  grams  dye,  which  amoimts  to 
196  milligrams  per  kilo  per  day,  or  137  grains  per  100  poimds  per  day.  Urine 
and  feces  colored;  diarrhea  and  continuous  vomiting;  blood  and  pus  contained 
in  stool ;  loss  of  appetite ;  loss  of  weight  was  1,600  grams,  or  35  per  cent.  Animal 
died.  Autopsy  disclosed  blue-colored  skin  and  fat;  brain  turned  blue  on 
exposure  to  air,  but  only  the  outer  cortex  was  colored;  stomachical  catarrh; 
the  mucous  membrane  of  the  stomach  col(»^  blue;  the  heart  sac  and  the 
pleura  colored  blue  to  blue-green;  intestines  externally  blue;  kidneys  were 
thickened  and  colored  dark  blue  throughout;  parenchymatous  kidney  inflam- 
mation; fatty  degeneration  of  the  liver;  diaphragm  locally  co1(m^. 

7.  Arloing  and  Cazbneuve,  quoting  Cazeneuve  and  Lupine  (Arch,  de  mid.  v.  P« 

p.  364),  say  that  it  is  not  inactive. 

8.  Forbidden  by  Resolutions  of  Swiss  Analytical  Chemists,  September,  1891. 
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10. 


11. 


12 


Gai.TiTabi>  (Rev.  intern,  des  falsificatums;  abst.  Hygien.  Runscbch.  1892,  p.  104): 
"Methylene  Blue,  which  is  frequently  used  for  coloring  foods,  can  cause,  even 
in  small  doses  (10  to  20  milligrams,  or  one-sixth  to  one-third  of  a  grain),  a  feel- 
ing of  general  depression,  naiisea,  and  certain  feelings  of  pain,  and  can  even 
produce  transitory  albuminuria.  In  larger  doses  (40  to  60  milligrams,  or  six- 
tenths  to  nine-tenths  of  a  grain),  it  causes  in  the  case  of  persons  not  accustomed 
thereto,  vomiting,  diarrhea,  increased  micturition,  and  albuminuria.  In  the 
case  of  persons  suffering  from  nervous  diseases,  it  frequently  produces  disturb- 
ance which  has  as  its  consequence  a  cessation  or  a  change  of  place  of  the  pain. 
Sometimes  it  produces  painlessness,  or  an  easing  of  pain  in  the  patient,  for 
which  no  certain  therapeutic  indication  could  be  determined.*' 

Wbti.  (Handbuch  der  Hygiene)  comments  as  follows:  "These  statements  of  Gal- 
liard  arouse  but  little  confidence,  because,  as  is  well  known,  Methylene  Blue 
is  very  frequently  administered  to  invalids  in  doses  of  more  than  0.5  gram 
without  any  noticeable  disturbance.  Perhaps  Galliard's  preparation  was 
unclean.  At  any  rate,  in  all  experiments  on  the  poisonous  nature  of  Methylene 
Blue  it  is  to  be  considered  that  it  frequently  occurs  in  commerce  as  a  zinc 
chlorid  double  salt.'* 

Lewin  (Lehrbuch  der  Toxikologie,  1897,  p,  tS2):  "Methylene  Blue  *  *  *  can 
produce  after  prolonged  administration  of  0.5-1.5  gram  daily  increased  micturi- 
tion, irritation  of  the  bladder,  blue  coloration  of  the  urine,  and  saliva,  diarrhea, 
headaches,  vertigo,  delirium,  and  twitching  of  the  muscles,  the  latter  symp- 
toms probably  because  the  coloring  matter  is  deposited  in  the  brain.** 

Buss  lists  it  as  poisonous. 

G.  T,  65L 

Trade  name. — ^Methylene  Green  G  cone,  extra  yellow  shade. 
Scientific  name. — Nitromethylene  Blue. 
Discovered  and  patented. — 1886. 
Shade. — Green.     Not  oflered. 


Nothing. 


FAVORABLE. 


UNFAVORABLE. 


1.  Chlopin  (pp.  19t-19S)  examined  this  color,  and  on  his  own  experiments  concludes 
that  it  is  "nonpoisonous,  but  eomewhat  suspicious.**  The  experimental  data 
are  as  follows: 

Experimental  data  by  Chlopin. 


Weight. 

No.  1. 
(1  gram=71  mg=SO  grains.) 

Date. 

Doee. 

24  hours' 
urine. 

General  condition  of  animal  and  urine. 

Apr.  24 
25 

Oranu. 
2 

Kiios. 
14 

ce. 
580 

Dog  well;  urine  normal. 

Urine  dark  green;  add;  no  albumen. 

26 

Urine  less  colored;  acid;  traces  of  albumen. 

28 

2 

No  record. 

29 

Urine  dark  brown;  no  albumen;  add. 

...y*? 

«6 

Do. 

Total. 

4 
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ExperimerUal  data  by  Chlopin — Continued. 

No.  2. 

[1  gram=122  mg=85  grains.] 


DMA. 

Dose. 

W«iglit 

24  hours' 
urine. 

General  condition  of  animal  and  urine. 

1901. 
Nov.  25 

26 

(Tromt. 
3 
3 

KUo$. 
&2 

cc. 
430 
445 
460 
410 
440 

Doc  weU;  urine  normal. 

Urine  strongly  green;  no  albumen. 

27 

3 
3 
3 

Do. 

28 
29 



Diarrhea:  urine  green;  add;  no  albumen. 
No  diarrhea:  urine  same. 

Dec  1-2 

Color  normal;  acid;  no  albumen;  dog  lively  and  wall. 

Total. 

15 

DOUBTFUL. 

1.  WiNOORADOW  (Zts.  Nahr.  Genussm.,  190,3,  r.  6,  p,  589),  says  it  noticeably  retards 
digestive  action;  is  not  indifferent. 

G.  T.  654, 

Trade  name. — Toluidin  Blue  O. 

Sdentijic    name. — Zinc-double-ohlorid    of    dimethyl-diamido-tolu- 
phenazthonium-chlorid. 

Discovered  and  paienied. — 1888. 
Shade. — ^Blue.     Not  offered. 


Nothing. 


FAVORABLE. 


UNFAVORABLE. 


1.  Fraenkel  (/).  574):  ^'Toluidin    Blue    *    *    *    is  a  strong  poison   for  micro* 
organisnis,  and  may  be  used  in  eye  treatment,  like  Methylene  Blue." 

G.  T.  659. 

Tradenames. — Primulin;  Tliiocliromogen;  Sulphin;  Polychromin; 
Aureolin. 

Sdeniific  name. — Sodium  salt  of  the  mono-sulphonic  acids  of  the 
dehydrothionated  condensation  products  of  dehydrothiotoluidin 
(mixed  with  some  sodium  dehydrothiotoluidin-sulphonate). 

Discovered. — 1 887. 

Shade. — Yellow.     Not  offered. 


Nothing. 


FAVORABLE. 


UNFAVORABLE. 


1.  Chlopin  (p.  20S)  examined  this  color,  and  on  his  own  experiments  reports  it  m 
"suspicious. "    The  experimental  data  are  as  follows: 
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Experimental  data  by  Chlopin. 
[1  gram— 154  mg— 108  grains.] 


Date. 

Dose. 

Weight. 

24  hours' 
urine. 

1902. 
Mar.  21 
23 

Onmt. 
2.0 

Kilot. 
6.5 

cc. 
292 
294 

23 

3.0 
»0.5 

335 

24 
25 

6.3 

200 

26 

................ 1 

27 

m 

2$ 

29 

270 

30 

295 

Apr.    2 

280 

Total. 

/       »5.0 
\       «0.5 

General  condition  of  animal  and  urine. 


Dog  and  urine  normal. 
Urinf 


[ne  darlc  brown:  Insignificant  traces  of  albumen;  acid. 
Color  normal;  no  albumen. 
Urine  dark  brown;  acid;  no  albumen. 

I>o. 
No  albumen;  dark-brown  color;  dog  has  lassitude;  does  not  eat 

bread  nor  take  milk,  only  a  little  meat. 
No  albumen;  dark-brown  color;  dog  has  lassitude;  dog  eats 

little. 
At  the  point  of  injection  an  abecess  appears;  urine  acid;  no 

albumen;  yellow  color. 
Urine  acid;  no  albumen;  yellow  color;  dog  eats  more. 
Urine  acid;  no  albumen;  yellow  color;  abscess  broke. 
Urine  normal;  appetite  almost  n(Hinal. 


1  By  mouth.  «  Subcutaneousiy. 

2.  See  al-^o  Chlopiv  (Zts.  Nahr.  Genussm.,  1902,  v.  .5,  /).  241). 

DOUBTFUL. 

1.  WiNTOGRADow  {Zls.  Xuhr.  Genussin.y  1903,  v.  6,  p.  589)  says  it  noticeably  retards 
digestive  action;  U  not  indifferent. 

G,  T.  667. 

Trade  names, — Quinoliii  Yellow;    Quinolin  Yellow,  water-soluble. 

Name  under  which  it  was  offeted  on  the  United  States  marJeet  as  a 
food  color  in  1907. — Chinolin  Yellow  O. 

Scientific  name. — Sodium  salt  of  the  sulphonic  acid  (chiefly 
disulphonic  acid)  of  quinophthalone. 

Discovered. — 1882. 

Shade. — Greenish  Yellow.     Offered  by  1  out  of  12  sources. 


Nothing. 


FAVORABLE. 


UNFAVORABLE. 


1.  Chlopin  {p.  £05)  on  his  own  experimenta  reports  this  color  as  ^'enspicioua."    Tho 
experimental  data  are  as  follows: 

Experimental  (lata  by  Chlopin. 

No.  1. 

[1  gram— 44  mg— 31  grains.] 


Date. 

Dose. 

Weight. 

24  hours' 
urine. 

General  condition  of  animal  and  urine. .. 

19Q2. 
Mar.  IB 
20 

Oramt. 
3.00 

KUoB. 
22.0 

cc. 
720 
720 
749 

Before  experiment  dog  and  urine  normal. 
Urine  dark  brown;  traces  albumen;  acid. 

21 

Color  of  urine  normal;  no  albumen. 

22 

i)o. 

»mi*»— Bull.  147—12- 
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Experimental  data  by  CMopin — Gontmued. 


Dat«. 

Dose. 

Weight. 

24  hours' 
urine. 

Qenend  condition  of  animal  and  urine. 

1902. 
liar.  23 
24 

Oranu. 
0.7S 

Kil09. 

21.4 

ee. 
760 

Urine  dark  brown;  no  albumen. 
Dog  eats  nothing. 
Do. 

25 

608 
725 

26 

Do. 

27 

Do. 

28 

29 

30 

Do. 

Apr.    2 

Dog  eats  nothing;  traces  of  albumen. 

Color  0^  nrin^  afrpo"^  nonniii;  imtignlfl^mn^  tnmw  of  albnnwo^ 

13.00 

710 

5 

Urine  yellow  brown;  traces  of  albumen;  appetite  nonnaL 
Urine  yellow  brown;  no  albumen. 

6 

8 

700 

Urine  and  dog  nocmaL 

ToUl.. 

/     »6.00 
\     «0.75 

No.  2. 
[1  grain— 133  mg— 83  grains.] 


1903. 
liar.    3 
4 

3.00 
3.00 
3.00 
2.00 

7.5 

320 
300 
300 

5 

6 

7.4 

Total.. 

11.00 

Before  experiment  dog  quite  well,  and  urine  normal. 
Color  dark  yellow;  no  albumen;  eeneral  condition  normal. 
Color  yellower  than  nonnal;  add;  no  albumen. 
Do. 


>  By  mouth. 


I  Suboutaneoiisly. 


DOUBTFUL. 


1.  WiNOORADOw  {Zts,  Nahr,  Oeniisem.,  1903,  v.  6,  p,  689)  says  it  noticeably  retards 
digestive  action;  is  not  indifferent. 

G.  T.  670, 

Trade  names.— VideA  Black;  Vidal  Black  S. 
Scientific   name. — Possibly    the   sulpho-hydro   derivative   of   a 
polythiazin. 

Discovered. — 1893. 

Shade. — Green.     Not  oflfered. 


Nothing. 


FAVORABLB. 
UNFAVORABLE. 


1.  Chlopin  (p.  £08)  examined  this  color,  and  on  hifl  own  experiments  claases  it  i 
''  very  harmful. ' '    The  experimental  data  are  as  follows: 

Experimental  data  by  Chlopin. 
[I  gram— 132  mg-92  grains.] 


Daie. 

Doee. 

Weight. 

24  hours' 
urine. 

General  condition  of  animal  and  urine. 

1901. 
Dee.  29 

30 

Oramt. 
2 

3 

7.6 

ce. 

386 

390 

Before  experiment  dog  quite  normal;  aoon  after  taking  dya 
vomitedf  twice. 

albumen. 
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Date. 

Dose. 

Weight. 

24  hours' 
urine. 

General  condition  of  animal  and  urine. 

1901. 
Deo.  31 

Oravu. 
3 

3 

Kilos. 

ee. 

Vomited  soon  after  getting  dye;  appetite  less;  no  albumen. 
Urine  turbid;  scarcely  noticeable  blackish  sheen;  green  with  sul* 

1902. 
Jan.     1 

2 

7 

869 
370 

phuric  and  hydrochloric  acid. 
Do. 

4 

3 
3 

Vomited  an  day  after  taking  dye;  eats  little;  no  iJbumen. 

6 

Violent  and  prolonged  vomiting  and  diarrhea;  condition  piti- 
able; further  giving  of  dye  stopped,  so  as  not  to  kill  the  animal. 
Vomiting  and  diarrhea  continue. 
Vomiting  and  diarrhea  stopped. 
Dog  is  livelier,  and  begin  •  to  eat. 

6-7 

8 

»-ll 

13 

Dog  looks  well;  urine  normal  in  color;  acid;  no  albumen. 

Total.. 

17 

G.  T,  675. 

Trade  names. — ^Thiocatechin;  Thiocatechin  S. 
Shade, — Brown.     Not  offered. 


Nothing. 


FAVORABLE. 


UNFAVORABLE. 


1.  Chlopin  {pp.  210,  211)  examined  this  color  and  cla»e8  it  m  "very  poisonous.' 
The  experimental  data  are  as  follows: 

Rrperimental  daUi  by  Chlopin, 


1 1  gram- 128  mg-90  grains.  J 

Date. 

Dose. 

*  Weight. 

24  hours' 
urine. 

General  condition  of  animal  and  urine. 

1902. 
Feb.  13 

14 

Oram*. 
3.4 

2.0 
0,5 

KUo9. 

7.8 

ec. 
300 

290 

Before  experiment  dog  and  urine  quite  normal;  10  or  16  minutes 
after  giving  dye  dog  fell  on  one  nde,  limbs  extended,  stomach 
drawn  in;  small  and  frequent  convulsions:  retching;  then 
abundant  vomiting,  same  color  as  dye;  soon  after  vomiting  dog 
got  up  and  walked  as  if  drunk;  hind  legs  tend  to  collapse;  sali- 
vation. 

fit;  convulsions  of  the  extremities,  which  soon  ceased,  but  the 
dog  still  lay  stretched  out,  with  open  eyes,  which  reacted  to 
light;  tongue  hanging  out  to  one  mde;  after  10  or  15  minutes 
vomiting  began;  dog  still  lying  on  one  side,  assumed  a  more 
normal  attitude;  15  minutes  later  dog  got  up,  walked  as  If 
drunk;  poor  control  over  hind  legs. 

Vomits  at  once  after  getUng  dye,  but  remained  standing. 

Dog  appears  depressed,  but  eats. 

15 

16 

18 

Total.. 

4.9 

G.  T.  689. 

Trade  names. — Indigo;  Indigo  Pure  BASF. 
Scientific  name. — Indigotin. 
Shade. — Blue.    Not  offered. 
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FAVORABLE. 


1.  Permitted  by  Confectioners*  List. 

2.  Permitted  by  the  law  of  Italy. 

UNFAVORABLE. 

1.  Fraenkel  {p.  571):  ''However,  pure  Indigo,  according  to  Robert,  is,  in  finely 
divided  condition,  a  violent  local  irritant/* 

G.  T.  692. 

Trade  names. — Indigo  Carmine;  Indigo  Extract;  Indigotin. 

Names  under  which  it  was  offered  on  the  United  States  marJcet  as  a 
food  color  in  1907. — Indigo  Carmine  Powder  IN;  Indigotin:  Indi- 
gotin A. 

Scientific  name. — Sodium  salt  of  Indigotin  disulphonic  acid  or  the 
free  acid. 

Discovered. — 1740. 

Shade. — Blue.     Offered  by  3  out  of  12  sources. 

favorable. 

1.  Schacherl  (p.  1046):  "No  objection  to  its  use.'* 

2.  Santori  (MoleschotCs  Untersuchungen,  1895,  v.  15,  p.  41):  A  dog  weighing  4,500 

grams  received  90  grams  dye  in  30  days;  vomited  twice  during  the  examina- 
tion; no  change  in  weight;  animal  killed  with  chloroform;  autopsy  showed 
slight  dull  swelling  in  the  epithelium  and  convoluted  canals  of  the  kidneys. 
This  dosage  amounts  to  667  milligrams  per  kilo  per  day,  or  467  grains  per  100 
pounds  per  day.    Classes  it  as  harmless. 

ALPHABETICAL   INDEX   OF   TRADE    NAMES   OF   COAL-TAR   COIX>BS. 

The  following  list  of  the  trade  names  of  coal-tar  colors  appearing 
in  the  foregoing  compilation  on  physiological  action  is  complete 
when  supplemented  by  the  Ust  of  23  colors  given  on  page  227; 
Green  Table  numbers  in  parenthesis. 


Acetin  Blue  (599). 
Acid  Brown  (138). 
Acid  Green  (434,435). 
Acid  Green  ex.  cone.  (435). 
Acid  Green  cone.  (435). 
Acid  Green  cone.  VN  (435). 
Acid  Green  cone.  780  (435). 
Acid  Fuchsin  (462). 
Acid  Magenta  (462). 
Acid  Magenta  powd.  (462). 
Acid  Rosein  (462). 
Acid  Rubin  (462). 
Acid  Violet  (467). 
Acid  Violet  6  B  (467). 
Acid  Yellow  (8). 
Acid  Yellow  AT  (94). 
Acid  Yellow  D  (88). 


Acid  Yellow  G  (8). 
Acid  Yellow  G  pat.  (8). 
Acme  Yellow  (84). 
Alizarin  Blue  ABS  (563). 
Alizarin  Blue  S  (563). 
Alizarin  Green  (527). 
Alphanaphthol  Orange  (85). 
Alsace  Green  (394). 
Amaranth  (107). 
Amaranth  B  (107). 
Anilein  (593). 
Anilin  Blue  Sp.  Sol.  (457). 
Anilin  Orange  (2). 
Anilin  Purple  (593). 
Anilin  Red  (448). 
Anilin  Yellow  (4). 
Anilin  Yellow  S  (4). 
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AnUiracene  Green  (527). 

Anthracene  Blue  S  (563). 

Archil  Substitute  V  (28). 

Atlas  Orange  (86). 

Auramin  (425). 

Auramin  O  (425). 

Aurantia  (6). 

Aureolin  (659). 

Aurin  (483). 

Azalein  (408). 

Azarin  S  (7Q). 

Azin  Blue,  spirit  soluble  (599). 

Azo  Acid  Rubin  (103). 

Azo  Acid  Yellow  (92). 

Aso  Blue  (287). 

Azo  Flavin  (92). 

Azo  Fuchflin  G  (93). 

Azo  Rubin  (103). 

Azo  Rubin  A  (103). 

Azo  Rubin  S  (103). 

Bavarian  Blue  DBF  (479). 

Bavarian  Blue  DSF  (478). 

Bengal  Blue  (602). 

Bengal  Green  (427). 

Benzoflavin  (530). 

Benzopurpurin  4B  (277). 

Betanaphthol  Orange  (86). 

Biebrich  Scarlet  (163). 

Bismarck  Brown  (197). 

Bismarck  Brown  R  (201). 

Bitter-almond-oil  Green  (4^). 

Bleu  de  Nuit  (457). 

Bleu  Lumi^re  (457). 

Bleu  Marine  (480). 

Bordeaux  B  (65}. 

Bordeaux  B  L  (65). 

Bordeaux  R  ext.  (65). 

Bordeaux  S  (107). 

Brilliant  Black  B  (188). 

Brillant  Cotton  Blue,  greenish  (479). 

Brilliant  Green  (428). 

Brilliant  Orange  (13). 

Brilliant  Scarlet  (106). 

Brilliant  Scarlet  4R  (106). 

Brilliant  Yellow  (5). 

Brilliant  Yellow  S  (89). 

Butter  Yellow  (16). 

Canary  Yellow  (425). 

Carbazotic  Acid  (1). 

Cardinal  3B  (103). 

Carminaph  (11). 

Carmoisin  (103). 

Carmoisin  B  (103). 


Cerasin  (102). 
Oerasm  Orange  I  (11). 
China  Blue  (480). 
Chlorm  (394). 
Chrome  Violet  (593). 
Chrysamin  R  (269). 
Chrysaurein  (86). 
Chiyseolin  (84). 

Chrysoidin  Crystals  (17,  18,  41). 
Chrysoidin  R  (17,  18,  41). 
Chrysoidin  Y  (17, 18,  41). 
Chrysom  (84). 
Chrysom  REZ  (84). 
Cinnamon  Brown  (197). 
Citronin  (4). 
Claret  Red  (65). 
Claret  Red  RZ  (103,  106,  107). 
Coerulein  S  (627). 
Cochineal  Red  A  (106). 
Congo  Red  (240). 
Cotton  Blue  (480). 
Cotton  Blue  R  (639). 
Cotton  Red  4B  (277). 
Coupler's  Blue  (600). 
Crocein  Orange  (13). 
Crocein  Orange  10284  (13). 
Crocein  Orange  G  (13). 
Crocein  Scarlet  (106). 
Crocein  Scarlet  3B  (160). 
Crocein  Scarlet  4BX  (106). 
Crocein  Scarlet  7B  (169). 
Crocein  Scarlet  8B  (169). 
Curcimiin  (89). 
Curcumin  S  (399). 
Dahlia  (450, 451). 
Dark  Green  (394). 
Diamond  Green  B  (427). 
Dianthin  G  (516). 
Dinitro-creeol  (2). 
Dinitrosoresorcin  (394). 
Diphenylamin  Blue  (479). 
Diphenylamin  orange  (88). 
Direct  Gray  (576). 
Direct  Violet  (451). 
Emerald  Green  (428). 
Emerald  Green  cryst.  (428). 
English  Brown  (197). 
Eosin  (512). 
Eosin  A  (512). 
Eosin  A  ex.  (512). 
Eosin  B  (512). 
Eosin  bluish  (517). 
Eosin  G  G  F  (512). 
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Eoein  J  (512,  617). 

Eosin  10  B  (521). 

Eoein  3J  A  4J  ext.  (512). 

Eoein  Y  (512). 

Eoein  Yellowieh  (512). 

Erika  B  (78). 

Erythrobenzin  (448). 

Erythroein  (517). 

Erythroein  B  (517). 

Erythrosin  D  (517). 

Erythroein  G  (516). 

Erythrosin  yellow  shade  (517). 

Ethyl  Green  (428). 

Past  Blue  (477). 

Fast  Blue  B,  spirit  soluble  (590). 

Fast  Blue  R  and  3R  (601). 

Fast  Blue  R,  spirit  soluble  (599). 

Fast  Blue  2R,  B,  and  6B  (601). 

Fast  Blue  R,  2R,  and  3R  (639). 

Fast  Brown  G  (138). 

Fast  Green  (427). 

Fast  Green  J  (428). 

Fast  Green  O  (394). 

Fast  Myrtle  Green  (394). 

Fast  Navy  Blue  R  (639). 

Fast  Navy  Blue  RM  and  MM  (639). 

Fast  Ponceau  B  (163). 

Fast  Red  (102,  105). 

Fast  Red  C  (103). 

Fast  Red  D  (107). 

Fast  Red  EB  (107). 

Fast  Violet  (620). 

Fast  Yellow  (4,  8,  9,  88). 

Fast  Yellow  extra  (8). 

Fast  Yellow  G  (8). 

Fast  Yellow  053  (8). 

Fast  Yellow  R  (9). 

Fine  Blue  (457). 

Fuchsiacin  (448). 

Fuchsin  (448). 

Fuchsin  cryst.  (448). 

Fuchsin  S  (462). 

Gallocyanin  DH  and  BS  (620). 

Gallocyanin  RS,  BS,  and  D  (620). 

Gentian  Blue  6B  (457). 

Gentiana  Violet  (649). 

Gentianin  (649). 

Gold  Orange  (86). 

Gold  Yellow  (84). 

Golden  Yellow  (2,  3). 

Gray  R  and  B  (602). 

Green  E  (428). 

Green  087  (428). 

Guinea  Green  (433). 


Harmalin  (448). 

Helianthin  (87). 

Helvetia  Blue  (479). 

Hessian  Blue  (457). 

Hofmann  Violet  (450). 

Hydrazin  Yellow  (94). 

Imperial  Scarlet  (163). 

Imperial  Yellow  (6). 

Indigen  D  and  F  (599). 

Indigo  (689). 

Indigo  Carmine  (692). 

Indigo  Carmine  powd.  IN  (692). 

Indigo  extract  (692). 

Indigo  pure  BASF  (689). 

Indigotin  (692). 

Indigotin  A  (692). 

Indisin  (593). 

Indism  R  and  B  (601). 

Indophenol  (572). 

Indophenol  white  (572). 

Indulin  opal.  (599). 

Indulin  sol.  (601). 

Indulin,  spirit  soluble  (599). 

Indulin  3B  opal.  (599). 

Indulin  6B  opal.  (599). 

Indulin  3B  sp.  sol.  (599). 

Indulin  6B  sp.  sol.  (599). 

Indulin  3B  (601). 

Indulin  6B  (601). 

lodeosin  B  (517). 

lodeosin  G  (516). 

lodin  Green  (459). 

lodin  Violet  (450). 

Jaune  Acide  (4,  8). 

Jaune  Acide  C  (4). 

Jaune  Naphthol  (3). 

Jaune  d'Or  (3). 

Jaune  d'Orient  (516). 

Jaune  Soleil  (399). 

Kaiser  Yellow  (6). 

Kermesin  Orange  (97). 

Leather  Brown  (197). 

Leather  YeUow  (532). 

Lemon  Yellow  (4). 

Light  Green  S  F  bluish  (434). 

Light  Green  S  F  yeUow  shade  (435). 

London  Blue  extra  (480) 

Magdala  Red  (614). 

Magenta  (448). 

Magenta  F  A  B  S  Red  (448). 

Magenta  Powder  A  (448). 

Maize  (399). 

Malachite  Green  (427). 

Malachite  Green  B  (427-428). 
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Malta  Gray  (576). 
Maochester  Brown  (197). 
Maochester  Brown  ££  (201). 
Mancheeter  Yellow  (3). 
Mandarin  G  R  (97). 
Mandarin  G  ext.  (86). 
Martdufl  Yellow  (3). 
Mauve  (593). 
Mauve  Dye  (593). 
Mauvein  (593). 
Meldola'8  Blue  (639). 
Metanil  YeUow  (95). 
Methyl  Blue  water  soluble  (478). 
Methyl  Blue  for  silk  MLB<478). 
Methyl  Blue  O  (479). 
Methyl  Violet  (451). 
Methyl  Violet  B  (451). 
Methyl  Violet  BB  ext.  (451). 
Methyl  Violet  3  BD  (451). 
Methylene  Blue  (650). 
Methylene  Blue  A  ext.  (650). 
Methylene  Blue  B  and  BG  (650). 
Methylene  Blue  B  D  (650). 
Methylene  Blue  BB  extra  (650). 
Methylene  Blue  BB  extra  D  (650). 
Methylene  Gray  (576). 
Methylene  Green  G.  cone.  ext.  (651). 
Naphthalene  Pink  (614). 
Naphthalene  Red  (614). 
Naphthalene  Rose  (614). 
Naphthol  Black  B  (188). 
Naphthol  Black  BDF  (188). 
Naphthol  Blue  R  <&  D  (639). 
Naphthol  Green  (398). 
Naphthol  Green  B  (398). 
Naphthol  Orange  (85). 
Naphthol  Red  S  (107). 
Naphthol  Yellow  (3,  4). 
Naphthol  YeUow  L  (4). 
Naphthol  Yellow  S  (4, 5). 
Naphthol  YeUow  SLOZ  (4, 86). 
Naphthylamin  Yellow  (3). 
Naphthylene  Yellow  (2). 
Navy  Blue  B  (478). 
New  Coccin  (106). 
New  Gray  (576). 
New  Green  (427). 
New  Methylene  Gray  (576). 
New  Red  L  (163). 
New  Victoria  Green  (427, 428). 
New  YeUow  (88). 
New  YeUow  L  (8). 
Nicholson  Blue  (477). 
Ni^t  Gieen  (459). 


Nigrosin  (576). 

Nigrosin  sol.  (602). 

Nigrosin  sp.  sol.  (600). 

Nitrodiphenylamin  (6). 

Nitromethylene  Blue  (651). 

Gil  Black  (600). 

Gil  Orange  7078  (11). 

Oil  YeUow  (16). 

Opal  Blue  (457). 

Orange  (86). 

Orange  I  (85). 

Orange  II  (86). 

Orange  III  (87). 

Orange  IV  (88). 

Orange  A  (86). 

Oralige  A  extra  (86). 

Oratige  Brown  (17, 18,  41). 

Orange  A  1201  (86). 

Orange  B  (85). 

Orange  extra  (86). 

Orange  G  (14). 

Orange  GG  (14). 

Orange  GG  Crystals  (14). 

Orange  GRX  (13). 

Orange  GS  (88). 

Orange  GT  (43). 

Orange  M  (88). 

Orange  MN  (95). 

Orange  N  (43,88). 

Orange  O  27  (85). 

Orange  O  (43). 

Orange  R  (15, 55, 97). 

Orange  RN  (43). 

Orange  RZ  (85). 

Orange  T  (97). 

Orange  2  R  (97). 

Orange  Y  (86). 

OrceUin  No.  4  (102). 

Paris  Violet  (451). 

nienylene  Brown  (197). 

PhUadelphia  YeUow  G  (532). 

Phloxin(521). 

PhloxinTA(521). 

Phosphin  (532). 

Picric  Acid  (1). 

Pistachio  (435). 

jPolychromin  (659). 

Pomona  Green  (459). 

Ponceau  B  (163). 

Ponceau  4  GB  (13). 

Ponceau  4  RB  (160). 

Ponceau  G  and  GR  (55). 

Ponceau  R  (55). 

Ponceau  3  RB  (163). 
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Ponceau  2  G  (15). 

Ponceau  2  R  (55). 

P6nceau  6  RB  (169). 

Primula  (450). 

Primulin  (659). 

Printing  Blue  (599). 

Pure  Soluble  Blue  (480). 

Pyoctanin  Aureum  (425). 

Pyoctanin  (451). 

Pyrosin  B  (517). 

Pyrosin  J  (516). 

Quinolin  Yellow,  water-soluble  (i67). 

Quinolin  Yellow  (667). 

Rauracienne  (102). 

Red  (107). 

Red  Violet  5  R  extra  (450). 

Resorcin  Yellow  (84). 

Re8orcein0  275(84). 

Rhodamin  (504). 

Rhodamin  B  (504). 

Rhodamin  O  (504). 

Rhodamin  B  extra  (504). 

Rhodamin  G  and  G  extra  (502). 

Roccellin  (102). 

Rose  Bengal  (520). 

Rose  Bengal  AT  (520). 

Rose  Bengal  G  (520). 

Rose  Bengal  N  (520). 

Rosein  (448). 

Rosolic  acid  (483). 

Rubianite  (448). 

Rubidin  (102). 

Rubin  (448). 

Rubin  S  (462). 

Russian  Green  (394). 

Saffron  Substitute  (2). 

Saffron  Yellow  (3,  4). 

Safranilin  (504). 

Safranin  (584). 

Safranin  AG,  AGT,  and  OOF.  (584). 

Safranin  Cone.  (584). 

Safranin  extra  G  (584). 

Safranin  FF  extra  (584). 

Safranin  GOO.  (584). 

Safranin  S.  (584). 

Safranin  SP.  (584). 

Safranin  T.  (584). 

Scarlet  (55). 

Scarlet  L.  (106). 

Sloelin  (600). 

Sloelin  RS.  and  BS.  (601). 

Solferino  (448). 

Solid  Yellow  (4). 

Soluble  Blue  (480). 

Spirit  Black  (600). 


Spirit  Blue  (457). 

Soluble  Blue  8  B.  (479). 

Soluble  Blue  10  B.  (479). 

Soluble  Blue  XL.  (479). 

Succinic  (4). 

Sudan  I  (11). 

Sudan  Red  (614). 

Sulphin  (659). 

Sulphin  Yellow  (4). 

Sulphonaphthol  Acid  Yellow  (4). 

Sultan  Red  4  B.  (277). 

Sun  Yellow  (399). 

Tartiazin  (94). 

Thio  Catechin  (675). 

Thio  Catechin  S.  (675). 

Toluidin  Blue  O.  (664). 

Tropeeolin  D.  (87). 

Tropeeolin  G.  (95). 

Tropeeolin  O  (84). 

Tropaeolin  00  (88). 

Tropaeolin  000  (85). 

Tropaeolin  000  No.  2  (86). 

Tropaeolin  R  (84). 

Ursol  D.  (574). 

Uraol  DD.  (574). 

Ursol  P.  (574). 

Vert  Diamant  (427). 

Vert  Lumi^re  (459). 

Vesuvin  (197). 

Vesuvin  B.  (201). 

Victoria  Blue  B.  (488). 

Victoria  Blue  4  R.  (490). 

Victoria  Orange  (2). 

Victoria  Yellow  (2). 

Victoria  Yellow  Cone.  Z.  (95). 

Vidal  Black  (670). 

Vidal  Black  S.  (670). 

Violein  (593). 

Violet  de  Methylanilin  (451). 

Violet  R.  (450). 

Violet  RR.  (450). 

Violet  5  R.  (450). 

Water  Black  (166). 

Water  Blue  6  B  extra  (480). 

Water  Blue  (480). 

Xanthin  (532). 

XL  Soluble  Blue  (479), 

XyUdin  Red  (55). 

Xylidin  Scarlet  (55). 

YeUow  Corallin  (483). 

Yellow  FY.  (4). 

Yellow  MXX  Cone.  (95). 

Yellow  W  (9). 

Yellow  WR.  (89). 
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X.  DOSAGE  Am)  STXPTOHS. 
CONFECTIONEItS'  LIST  AS  A  BASIS  FOB  A  BUXJS. 

Considering  the  Confectioners'  List  of  1899  as  a  correct  guide  as  to 
which  colors  are  harmful  and  which  are  harmless,  the  attempt  has 
been  made  to  determine  how  far  dosage  and  the  corresponding 
physiological  efTects  may  serve  as  a  guide  in  determining  which  colors, 
other  than  those  enumerated  in  either  portion  of  the  Confectioners' 
List,  are  harmful  or  harmless.      (See  p.  48.) 

To  this  end  the  available  literature  has  been  searched  and  classified, 
and  wherever  it  was  possible  to  arrive  at  any  conclusion  as  to  the 
actual  dose  or  the  average  dose  over  a  stated  period  of  time,  and  the 
corresponding  physiological  observations,  these  data  have  been  sepa- 
rated and  brought  together  for  the  purpose  of  making  comparisons 
and  deductions  therefrom. 

It  was  thought  that  the  literature  would  show  that  if  a  dog  or  other 
animal  is  killed  by  a  certain  given  amount  of  color  per  100  pounds  of 
body  weight  of  the  animal  that  such  color  is  always  harmful;  that  if 
untoward  efTects,  such  as  vomiting,  diarrhea,  weakness,  and  general 
depression,  are  caused  by  more  than  a  certain  weight  of  color  per  100 
pounds  body  weight  of  the  animal,  such  color  is  always  regarded  as 
harmless. 

The  classification  of  the  available  literature  and  the  conclusions 
therefrom  are  as  follows: 

Of  the  33  coal-tar  colors  listed  as  harmless  in  the  Confectioners' 
List,  10,  namely,  G.  T.  4,  9,  55,  65,  85,  103,  105,  107,  448,  and  462, 
have  been  tested  on  humans,  while  the  conclusion  as  to  the  remaining 
23  is  reached  by  the  effects  observed  on  dogs  alone.  However,  con- 
tradictory statements  are  recorded  in  the  case  of  No.  9,  and  none  of 
these  tests  was  of  long-continued  duration,  but,  on  the  contrary,  in 
many  cases  the  time  covered  was  exceedingly  short,  and  the  conclu- 
sions deduced  are,  therefore,  not  necessarily  final  nor  correct,  it 
should  be  further  noted  that  Nos.  96  and  106,  reported  as  nonpoi- 
sonous  to  humans,  are  in  the  harmful  section  of  this  Confectioners' 
List. 

L  Those  colors  which  produced  no  effect  are  as  follows  (the  num- 
ber of  grains  given  is  the  amount  administered  per  100  pounds  body 
weight;  where  the  data  permitted,  the  number  of  days*  duration  of 

the  experiment  is  also  given: 

Qnbm. 

5.  Brilliant  Yellow  S 632 

13.  Ponceau4GB 113 

521.  Phloxin 100 

521.  Phloxin 300 
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II.  Those  colors  which  in  some  cades  produced  no  effect,  and  in 
others  produced  effects,  are  as  foUows: 

4.  NaphtholYeUowS: 

395  grains  produced  diarrhea  and  no  albuminuria. 
292  grains  produced  albuminuria. 

116  grains  for  25  days  produced  no  efifect. 

25  grains  for  2  weeks,  on  alternate  days,  produced  no  effect. 
8  and  9.  Fast  Yellow  Y  and  R: 

173  grains  for  3  weeks  produced  no  efifect. 

53  grains  produced  albuminuria. 
55.  Ponceau  2  R. 

582  grains  killed. 

198  grains  produced  no  efifect. 
65.  Fast  Red  B: 

143  grains  for  145  days  produced  no  efifect. 

137  grains  for  145  days  produced  no  efifect. 

98  grains  for  145  days  produced  no  efifect. 

68  grains  produced  albuminuria. 

38  grains  produced  albuminuria. 
103.  Azorubin  S: 

143  grains  for  145  days  produced  no  efifect. 

137  grains  for  145  days  produced  no  efifect. 

98  grains  for  145  days  produced  no  efifect. 

70  grains  produced  dianiiea. 
287.  AzoBlue: 

233  grains  produced  no  efifect. 

166  grains  produced  albuminuria. 

m.  Those  that  produced  only  a  slight  disturbance  wfaidi  yfrhs 
regarded  as  negligible: 

28.  Archil  Substitute  V: 

301  grains  produced  vomiting  and  albuminuritL 

127  grains  produced  vomiting  and  albuminufbL 
105.  FftstRedE: 

70  grains  produced  diarrhea. 
166.  Wool  Black: 

117  grains  produced  albuminuria. 
^40.  CkmgoRed: 

192  grains  produced  albuminuria. 
269.  CSirysamin  R: 

433  grains  produced  albuminuria. 

361  grains  produced  albuminuria. 
394.  Dinitrosoresorcin: 

139  grains  produced  loss  of  appetite.  ^ 

121  grains  produced  albuminuria. 

From  Class  I  above  it  would  appear— 

(a)  That  if  a  dose  of  113  grains  per  100  pounds  body  weight  pro- 
duced no  effect  it  is  to  be  classed  as  harmless. 

From  Class  II  above  it  would  appear — 

(a)  That  if  albuminuria  is  caused  by  as  little  as  38  grains  in  some 
cases,  and  no  effect  is  produced  by  doses  as  large  as  143  grains,  the 
^lor  is  to  be  classed  as  harmless. 
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(6)  Also  that  if  198  grains  produce  no  eflFect  the  color  is  to  be 
classed  as  harmless,  even  if  582  grains  in  another  case  kill  the  animal. 

(c)  That  if  small  amounts  produce  albuminuria  and  larger  amounts 
do  not  the  color  is  to  be  classed  as  harmless. 

(d)  That  if  small  amounts  produce  diarrhea  and  larger  amounts 
do  not  the  color  is  to  be  classed  as  harmless. 

From  Class  III  it  would  appear  that — 

(a)  Albuminuria  produced  by  as  little  as  1 1 7  grains  is  to  be  regarded 
as  not  harmful. 

(6)  Diarrhea  produced  by  70  grains  is  to  be  regarded  as  not  harmful. 

(c)  Vomiting  and  albuminuria  produced  by  127  grains  are  to  be 
regarded  as  not  harmful. 

The  colors  classed  as  harmful  in  the  Confectioners'  List  may  be 
classified  as  follows : 

I.  Dogs. — ^Those  colors  that  under  certain  conditions  produce  no 
noticeable  effects  on  dogs,  while  under  other  conditions  effects  are 
observed,  are  classed  as  harmful  colors: 

1.  Picric  Acid: 

Dogs  stand  5  grains  daily  for  18  days  without  effect. 
18}  grains  produced  diarrhea. 
20.4  grains  killed. 

2.  Dinitrocresol: 

,  140  grains  caused  vomiting  but  did  not  kill. 

38}  grains  caused  vomiting  but  did  not  kill. 
38}  grains  caused  vomiting  and  did  kill. 

35  grains  caused  vomiting  but  did  not  kill. 
31.6  grains  caused  vomiting  but  did  not  kill. 

3.  Martius  Yellow: 

51  grains  do  not  kill,  but  produce  weakness,  diairfaea,  and  albuminuria. 
50  grains  kill. 

8  grains  do  not  kill,  but  produce  weakness,  diarrhea,  and  albuminuria, 
86.  Orange  II: 

714  grains  produced  kidney  irritation,  thirst,  and  diarrhea. 
333  grains  kill,  and  produced  diarrhea  and  albuminuria. 
244  grains  produced  kidney  irritation,  thirst,  and  diarrhea. 

36  grains  produced  no  effect. 
95.  Metanil  Yellow: 

620  grains  produce  vomiting. 
603  grains  kill. 
407  grains  no  effect. 
371  grains  kill. 

104  grains  produced  albuminuria. 
62  grains  no  effect. 
41  grains  no  effect. 
31  grains  kill. 
197.  Bismarck  Brown: 

246  grains  produced  vomiting. 

118  grains  produced  vomiting  and  general  depression. 

38}  grains  daily  for  30  days,  no  effect. 
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398.  Naphthol  Green  B: 

600  grains  produced  green  urine  and  conjunctiva. 

292  grains  produced  no  effect. 

128  grains  produced  green  urine  and  conjunctiva. 

II.  Those  colors  that  have  not  been  observed  to  give  negatii 
results,  but  which  have  caused  certain  effects: 

11.  Sudan  I: 

118  grains  produced  colored  urine,  vomiting,  and  albuminuria. 
17  and  18.  Chrysoidin  Y  and  R: 

79  grains  produced  albuminuria. 

74  grains  for  30  days  produced  no  albuminuria,  but  a  loes  of  12|  per  cent  < 
body  weight. 
88.  Dipbenylamin  Orange: 

216  grains  produced  albuminuria. 

128  grains  produced  phenol  in  urine  and  albuminuria. 
138.  Fast  Brown  G: 

237  grains  produced  diarrhea  and  loss  of  appetite. 

218  grains  produced  diarrhea. 

m.  Rabbits: 

1.  Picric  Acid: 

24.5  grains  for  90  days,  no  effect. 

45  grains  for  19  days  kill. 
86.  Orange  II: 

292  grains,  no  effect. 

933  grains  kill. 
95.  Metanil  Yellow: 

216  grains,  no  effect. 

IV.  Humans: 

1.  Picric  Acid: 

8.3  grains  no  effect. 
13.8  grains  no  effect. 
Invalids  and  children  can  not  stand  this  color. 

2.  Dinitrocresol: 

42  grains  kill. 
86.  Orange  II: 

H  grains,  no  effect. 

3  grains,  headache,  vertigo,  dryness  of  throat,  and  poor  gfimsnA  copdU^. 
95.  Metanil  Yellow: 

H  grains,  no  effect. 

3  grains,  no  effect. 

From  Classes  I  and  II  above,  it  would  seem  to  appear — 

(a)  That  if  a  dog  is  killed  the  color  is  harmful,  even  though  it  take  as  much  as  603 
grains,  or  as  little  as  20.4  grains  per  100  pounds  body  weight  to  kill. 

(5)  That  if  albuminiuia  is  produced  in  dogs  by  as  little  as  79  grains,  or  as  much  u 
128  grains,  the  color  is  harmful. 

(c)  That  if  diarrhea  is  produced  in  dogs  by  as  mucii  as  218  gndns,  or  as  little  m  50 
grains,  the  color  is  harmful. 

(d)  That  even  if  a  dog  can  take  as  much  as  407  grains,  the  color  may  be  bannful. 
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From  Class  III  it  would  appear — 

(a>  That  even  if  rabbits  can  stand  as  much  as  292  grains,  or  as  little  as  24.5  grains, 
be  color  is  harmful. 

From  Class  IV  it  would  appear — 

(a)  That  if  42  grains  kill  a  human,  the  color  is  harmful. 

(by  That  even  if  humans  can  stand  as  much  as  3  grains  without  untoward  effect, 
he  color  is  harmful. 

The  conclusions  that  may  be  drawn  from  these  data  are : 

1.  If  a  dog  is  killed  by — 

(a)  603  grains  per  100  potrnds  body  weight,  the  color  may  be  hannful. 
(6)  582  grains  per  100  pounds  body  weight,  the  color  may  be  haanless. 

2.  If  a  dog  can  bear  without  effect — 

(a)  407  grains  per  100  pounds  body  weight,  the  color  may  be  harmful. 
(6)  198  grains  per  100  pounds  body  weight,  the  color  may  be  harmless. 

3.  If  albuminuria  is  produced  in  a  dog  by — 

(a)  38  grains,  or  143  grains  per  100  pounds,  body  weight  the  color  may  be  harm« 
less. 

(6)  79  grains,  or  128  grains  per  100  pounds  body  wdght,  the  color  may  be  harm- 
ful. 

4.  If  diarrhea  is  produced  in  a  dog  by — 

(a)  70  grains  per  100  pounds  body  weight,  the  color  may  be  harmless. 
(6)  50  grains  per  100  pounds  body  weight,  the  color  may  be  harmful. 

5.  II  vomiting  and  albuminuria  are  produced  in  a  dog  by  127  grains  per  100  pounds 
body  weight,  the  color  is  not  necessarily  hannful. 

6.  If  small  amounts  of  color  produce  in  a  dog  diarrhea  or  albuminuria,  and  larger 
amounts  do  not,  the  color  may  be  harmless. 

7.  Even  though  rabbits  can  withstand  292  grains  per  100  pounds  body  weight,  the 
color  is  not  necessarily  harmless^  but  may  be  hannful. 

8.  If  42  grains  kill  a  human,  the  color  is  harmful. 

9.  If  a  human  can  withstand  3  grains  without  effect  the  color  is  not  necessarily 
harmless,  but  may  be  harmful. 

10.  If  a  human  can  not  withstand  3  grains,  even  though  it  can  withstand  1}  grains, ' 
the  color  is  not  necessarily  harmless,  but  may  be  harmful. 

Lehmann  (Methoden  der  praktischen  Hygiene,  1890,  p.  6^5)  says: 

I  regard  such  substances  as  hannful  to  health  which  when  fed  to  a  sound  dog  in 
doses  of  a  few  decigrams  per  day  produce  at  once,  or  after  a  few  repetitions  of  the  dose, 
disturbances  in  the  health  of  the  dog;  on  the  other  hand,  dyes  which  in  doses  of  from 
one  to  several  grams  can  be  taken  for  weeks  on  end  without  causing  any  disturbance 
or  only  slight  intestinal  disturbances  or  a  slight  and  passing  albuminuria  can  be 
regarded  as  harmless.  It  should  never  be  forgotten  that  a  few  milligrams  of  a  coal- 
tar  color  dyes  very  strongly  and  it  is  not  easy — even  by  most  extraordinary  use  of 
colored  objects,  e.  g.,  by  children — that  more  than  milligrams,  at  most  centigrams, 
of  dye  can  be  introduced  into  the  himian  stomach.  In  extremely  large  doses  many 
substances,  for  example,  all  our  condiments,  are  naturally  harmful. 

Of  65  dogs  weighed  and  experimented  on  by  Chlopin  the  average 
we^ht  was  9.2  kilograms,  or  20.3  pounds;  almost  half  the  dogs  (30) 
weighed  between  6  and  11  kilos. 

To  adapt  the  rules  of  Lehmann  to  a  basis  of  grains  per  100  pounds  of 
body  weight,  assuming  the  average  weight  of  a  dog  to  be  20  pounds, 
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it  is  only  necessary  to  multiply  the  weight  of  color  by  5  and  by 
15.432.     Doing  so,  the  following  data  are  obtained: 

A.  Harmful  colore  produce  bad  elects  in  doees  of  a  ''few*'  decigEBmfl,  i.  e.,  mul- 
tiples  of  a  half  gram;  the  word  "few"  is  not  sharply  defined,  but  the  rule  meana  a 
"few"  times  7.7  grains. 

B.  Harmless  colore  produce,  when  continuously  fed,  no  bad  effect  in  multiples  of 
10  of  the  doses  of  A,  above,  i.  e.,  multiples  of  77  grains. 

C.  Slight  diarrhea  and  slight,  temporary  albuminuria  are  not  to  count  against  the 
color. 

Applying  these  rules  to  the  preceding  colors  discloses  that  they  were 
apparently  not  so  used,  in  selecting  the  harmless  and  harmful  colors 
in  the  Confectioners'  List. 

LEHMANITS  BULES. 

The  Lehmann  rules  as  just  interpreted  were  applied  to  the  data 
just  given.  As  a  result  of  such  application  the  conclusion  is  reached 
that  of  the  15  colors  classed  as  harmless  (foregoing  classes  1, 11,  and 
ni),  6  would  be  classed  as  doubtful  by  the  Lehmann  rules,  namely: 

13.  Ponceau  4  GB,  65.  Fast  Red  B, 

8  and  9.  Fast  Yellow  Y  and  R,  103.  Azorubin  S, 

.     55.  Ponceau  2R.  105.  Fast  Red  E, 

and  the  remaining  9  would  have  been  classed  as  harmless. 

Of  the  11  classed  as  harmful  (foregoing  classes  I,  II,  III,  and  IV), 

2  would  have  been  regarded  as  harmless,  namely: 

398.  Naphthol  Green  B,  138.  Fast  Brown  G, 

3  would  have  been  classed  as  doubtful,  namely: 

197.  Bismarck  Brown,  88.  Diphenylamin  Orange, 

11.  Sudan  I, 

and  the  remaining  6  would  have  been  classed  as  harmful. 

SANTOBI'S  WORK  AS  A  QXIIDB  TO  A  RULE. 

Santori  regards  the  following  six  dyes  as  harmless:  457  (18S), 
467  (74),  477  (129.5),  480  (156),  599  (64),  692  (467). 

The  first  is  the  Green  Table  number  and  the  bracketed  figure  the 
average  number  of  grains  per  100  pounds  per  day  for  30  days. 

In  the  case  of  Nos.  457  and  599  the  animal  was  wholly  normal 
throughout  the  test  and  the  autopsy  showed  only  normal  conditions. 

In  the  case  of  No.  477  the  only  disturbance  was  colored  feces  and 
the  autopsy  showed  only  normal  conditions. 

In  the  case  of  No.  480  the  only  disturbance  was  colored  feces,  but 
the  autopsy  showed  a  pea-green  kidney. 

In  the  case  of  Nos.  467  and  692  there  was  only  vomiting;  in  the 
case  of  No.  467  the  autopsy  showed  everything  normal;  whereas  in  the 
case  of  No.  692  the  autopsy  disclosed  a  swollen  kidney. 

Therefore,  according  to  Santori,  a  dye  that  causes  colored  feces, 
even  with  colored  kidney,  is  harmless.     Also  a  dye  that  causes  vomit- 


Digitized  by 


Google 


OIL-SOLUBLE  OB  FAT  COLOES.  159 

11^  and  swollen  kidney  is  harmless.  On  the  other  hand,  a  dye  (572) 
which  produces  no  change  or  symptom  observable  during  life,  but 
fatty  degeneration  of  the  liver  is  shown,  at  the  autopsy,  is  a  harmful 
dye.  This  lack  of  conformity  makes  the  relation  between  dosage, 
symptoms,  and  harmfulness  or  harmlessness  more  confusing  and  per- 
plexing. 

YOUNO'S  BULE. 

It  must  be  remembered  that  smaller  amounts  of  drugs,  and,  there- 
fore, of  coal  tar  colors,  effect  children  as  a  rule  than  are  effective 
upon  adults.  Taking  Young's  rule  as  a  guide,  it  appears  that  gen- 
erally the  effective  dose  for  a  3-year-old  child  is  one-fifth  the  effec- 
tive adult  dose;  for  a  4-year-old  child  one-fourth;  for  a  6-year-old 
child  one-third;  for  an  8-year-old  child  two-fifths  and  for  a  12-year- 
old  child  one-half  the  effective  adult  dose.  All  of  this  should  be  taken 
into  account  in  drawing  conclusions  from  experiments  as  to  the  harm- 
lessness of  any  coal-tar  dye  upon  humans.  Very  little  attention  has, 
however,  been  paid  to  this  aspect  of  the  matter  in  spite  of  the  fact 
that  colored  foods,  confectionery,  pastry,  beverages,  and  the  like  are 
partaken  of  by  children  and  in  many  cases  such  articles  are  prepared 
for  the  sole  or  particular  consumption  of  the  very  young. 

From  the  foregoing  data  it  seems  clear  that  deductions  as  to  the 
harmlessness  or  harmfulness  of  coal-tar  dyes  when  administered  to 
dogs,  and  not  based  upon  autopsies,  are  not  final  nor  conclusive  as  to 
ihe  effect  upon  the  dog.  The  extent  to  which  such  deductions  aro 
correctly  transferable  to  hmnans  is  likewise  not  established. 

XI.  OIL-SOLXIBLE  OR  FAT  COLOBS. 

Oil-sohible  colors  are  used  for  coloring  fats,  such  as  butter,  oleo- 
margarine, edible  oils,  and  the  like;  of  the  coal-tar  colors  the  oil- 
sohible  colors  are  chemically  nonsulphonated  azo-colors. 

The  nonsulphonated  azo-colors  which  have  been  physiologically 
examined  are: 

11.  Sudan  I  (anilinazo-b-naphthol)  (2). 

16.  Butter  Yellow  (anilin-azo-dimethylaniUn). 

17.  Cbrysoidin  Y  (anilin-azo-m-phenylene-diamin)  (2). 

18.  ChryBoidin  R  (anilinazo-m-tolylene-diamin)  (1). 
41.  ChryBoidin  R  (o-toluidin-azo-m-tolylene-diamin). 

197.  Bismarck  Brown  (m-phenylene-diamin-disazo-m-phenylene-diamin)  (4). 
201.  Manchester  Browii  (m-tolylene-diamin-disazo-m-tolylene-diamiii)  (2). 

The  numbers  preceding  the  trade  names  are  the  Green  Table  num- 
bers; the  scientific  names  appear  in  parentheses;  and  the  number  of 
dealers  offering  the  colors  on  the  United  States  market  in  the  sunamer 
of  1907,  out  of  a  possible  12,  appear  after  the  scientific  name,  also  ia 
parentheses. 
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For  all  but  No.  201  contradictory  statements  occur  in  the  compiled 
literature;  for  No.  201  only  unfayorable  reports  were  found. 

There  were  on  the  United  States  mai^et  in  the  summer  of  1907  the 
following  oil-soluble  colors: 

10.  Sudan  G  (anilin-azo-resorcin)  (1). 

11.  Sudan  I  (anilin-azo-b-naphthol)  (2). 

49.  Sudan  II  (xylidin-azo-b-nAphtiioI)  (1). 

60.  Canninaph  Cramet  (a-naphthylamin-azo-b-naphthol)  (1). 

Of  these  No.  11  had  been  reported  on  contradictorily,  and  the 
remaining  three  had  not  been  reported  on  at  all.  In  addition  to  these 
the  following  three  oil-soluble  colors,  not  listed  in  the  Green  Tables 
and  not  reported  on  in  literature,  were  wanted: 

1.  o-Toluidin-azo-b-naphthylamin  (which  does  not  9eem  to  be  described  in  litera- 
ture in  any  way). 

2.  Amidoazo-tohiol. 

3.  Anilin-azo-b-naphthylamin. 

So  that  out  of  a  total  of  seven  oil-soluble  colors  on  the  United 
States  market  in  the  siunmer  of  1907  only  one  had  been  examined 
physiologically  and  that  with  contradictory  results.  As  before 
stated,  these  oil-soluble  colors  all  belodiig  to  the  class  of  nonsulpho- 
nated  azo-colors. 

Fraenkel  (p.  575)  says:  **When,  however,  the  aso-colors  oontain 
no  sulpho-group  (i.  e.,  are  nonsulphonated)  they  are  poisonous. 
Thus  for  example,  Bismarck  Brown  *  *  *  Sudan  I."  Yet 
meta-nitrazotin,  a  nonsulphonated  color  not  in  the  Green  Tables, 
and  probably  not  upon  the  miorket  anywhere,  and  which  is  oaeta- 
nitranilin-azo-b-naphthol,  is  according  to  Weyl  nonpoisonous. 

Fraenkel  (p.  575)  also  stated: 

The  fact  that  the  monazo  colors  examined  by  Cazeneuve  and  Lupine  are  harmleflB^ 
as  above  stated,  is  equally  explained  by  the  constitution  of  theae  substances.  Thoee 
two  inveetigtftors  examined  (omitting  the  tmde  naiAet)  anuit|»falliyUmin<«ilplictfkcid- 
azo-a-naphthol-a^0ulphoacid,  a-naphthyknniB-Atlphoacid-aftO  -  b  -  nftphthol  -duuA^ibo- 
acid,  a-naphthylamin-aso-b-naphthol-diflulphodbid,  xylidin-azo-b-naphdiol-disitpho- 
acid,  BulphaniUcacid-azo-a-naphthol,  Amido-azo-toluene-disulphonicacid. 

These  substances  are  all  sulphoacids  and  the  sulpho-groups  here  effect  the  depoison- 
ing  of  the  original  substance. 

Examining  this  statement  it  therefiare  appears  that  in  Fraenkel's 
opinion,  at  least,  a-naphthylamin-azo-a-naphthol,  a-naphthylamin- 
azo-b-naphthol,  xylidin-azo-b-naphthol,  anilin-azo-a-naphthol,  and 
amido-azo-toluol  are  in  and  of  themselves  poisonous  substances,  and 
are  rendered  nonpoisonous  by  sulphonation.  Diligent  search  through 
the  literature  has  failed  to  uncover  any  original  communications  of 
investigators  to  that  effect. 

With  but  one  known  exception  all  the  nonsulphonated  azo-colois 
are  regarded  by  Fraenkel  as  poisonous.  The  colors  17,  18,  41,  197, 
and  201  on  page  159  are  not  used  as  oil-soluble  colors  and  therefore 
form  no  comparative  basis  for  judging  oil-soluble  colors  except  that 
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both  are  nonsulphonated  azo-colors;  in  FraenkePs  opinion;  however, 
such  a  comparison  is  wholly  justified  and  proper. 

Excluding  now  17,  18,  41,  197,  and  201  for  the  purposes  of  com- 
parison, the  following  tabulation  is  made: 

OU-toluble  nonaulphoTuUed  azo-colors  on  the  market,  1907,  deemed  poisonotts  by  FraenkeL 


Oil-solable  colon. 


On  United 
States 
market. 


Fiaenkel 

calls 
poisonous. 


anilin-axo-resorcin 

anilin-azo-b-naphthol 

xylldin-azo-b-naphthol 

a-naphthylaminrazo-b-naphthol . 
o-toluldin^azo-b-naphthyuunln. . 

amido-azo-tolaol 

aniUn-azo-b-naphthy  lamin 

a-naphthylamin-azo-fk-naphthol . 
anilin-aio-o-nftphtliol 


That  is,  the  only  ones  on  the  United  States  market  concerning 
which  no  expression  of  specific  opinion  is  to  be  found  in  Fraenkel  are 
the  followiQg  three:  anilin-azo-resorcin,  toluidin-azo-b-naphthylamin, 
and  anilin-azo-b-naphthylamin,  and  nothing  is  published  on  the 
physiological  action  of  any  of  them  specifically.  The  probability, 
however,  would  seem  to  be  that  they  are  not  harmless,  and  until 
their  harmlessness  is  positively  established  their  exclusion  from  the 
permitted  list  of  coal-tar  colors  for  use  in  foods  seems  to  be  the  only 
safe  and  proper  course  to  be  followed.  The  physiological  action  of 
so-called  ''Butter  Yellow''  No.  16  of  the  Green  Tables  (see  p.  85), 
merely  strengthens  this  conclusion. 

Zn.  RTJLES  AHD  KEASOV S  FOR  SELECTDTG  TEE  SEVEV  COLORS 
PERMITTED  BT  F.  I.  D.  76. 

STATEMENT  OF  RULES. 

In  view  of  the  confusion  and  uncertainty  disclosed  in  the  foregoing 
literature  relative  to  the  physiological  action  of  coal-tar  colors,  the 
difficulties  in  the  way  of  making  a  list  of  coal-tar  colors  to  be 
permitted  in  the  coloring  of  food  products  are  seen  to  be  by  no 
means  sUght.  The  following  rules  governing  selection  were  in  mind 
during  the  making  of  the  list  given  in  Food  Inspection  Decision  No.  76, 
and  the  closeness  with  which  they  were  followed  is  discussed  on 
page  166. 

Rule  I.  All  colors  which  have  not  been  physiologically  tested  either 
upon  animals  or  man  shall  not  be  permitted  for  use  in  foods. 

Rule  II.  All  coal-tar  colors  which  have  been  examined  physio- 
logically with  contradictory  results  shall  not  be  permitted  for  use  in 
foods. 

97291^— BuU.  147—12 ^11 
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Rule  III.  All  coal-tar  colors  which  have  been  examined  physiologi- 
cally and  have  been  declared  to  be  of  doubtful  harmlessness  shall  not 
be  permitted  for  use  in  foods. 

Rule  IV.  Only  those  coal-tar  colors  whose  chemical  composition 
was  definitely  disclosed  or  otherwise  ascertained,  and  which  were  on 
the  United  States  market  in  the  summer  of  1907,  and  which  have 
been  examined  physiologically  and  with  no  other  than  a  favorable 
result  shall,  for  the  present,  be  permitted  for  use  in  foods. 

ANALYSIS  OF  THBBB  BECOMHENDATIONS  MADB  TO  THE  DEPABT- 
MENT  OF  AaBICTTIiTXTBE. 

These  rules  were  formulated  as  a  guide  in  view  of  the  divergent 
opinions  expressed  in  three  different  recommendations  to  the  Depart- 
ment of  Agriculture.  One  of  these  recommendations  suggested  that 
permitted  colors  be  designated  by  nine  titles.  Comparison  of  these 
titles  with  the  Green  Tables  and  with  the  tabulated  survey  of  the  imia- 
vorable,  favorable,  and  contradictory  literature  corresponding  to  the 
Green  Table  numbers  (p.  63)  discloses  the  following  facts: 

Comparison  of  nine  tuggested  color  titles  with  corresponding  Green  Table  numbers  and 

the  reports  on  the  sam^. 


Name, 

Green 

Table 

No. 

Un- 
favor- 
able. 

Fa- 
vor- 
able. 

Con- 
tra- 
dlo- 
tory. 

No 
re- 
port.* 

Name. 

Green 

Table 

No. 

Un- 
favor- 
able. 

Fa- 
vor- 
able. 

Con- 
tra, 
•dio- 
tory. 

No 

re- 

port-i 

Chrysoidin 

17 
18 
41 
84 
85 
86 
87 
88 
05 
02 
102 
13 
15 
44 
55 
66 
57 
108 
114 
146 

X 
X 
X 
X 

Ponceau ........ 

147 
148 
150 
160 
163 
160 

65 
107 
157 
170 
171 
198 
244 

20 

402 
4 

X 

Bordeaux 

X 

X 

Tropeolln 

X 
X 

X 

X 
X 
X 
X 

X 
X 
X 

Blebrich'Red(T).. 

Sulphonated 

Fuchsln 

Azoflavin 

..^ .. 

X 
X 

Roocellin 

Ponceau 

X 
X 

"  x" 
x" 

X 
X 
X 
X 

X 

X 
X 

Naphthol  Yellow 

Total 

36 

0 

8 

13 

15 

1  Of  physiological  tests  in  literature  compiled. 

Therefore,  under  9  titles  36  di"^erent  chemical  individuals  would 
be  placed  upon  the  permitted  list,  of  which  only  8,  or  less  than  25  per 
cent,  have  been  examined  physiologically  with  only  favorable 
results,  and  28,  or  more  than  75  per  cent,  had  either  not  been  examined 
at  all  physiologically  or  with  contradictory  results. 
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The  8  of  these  chemical  individuals  examined  with  only  favorable 
results,  and  the  number  of  sources  out  of  a  possible  12  o3ering  them 
on  the  United  States  market  in  the  summer  of  1907,  are  as  follows: 

Colon  reported  on  favorably  and  number  of  dealers  handling  »ame. 


Qreen 

Table 

No. 

BooToes 
offering. 

Green 
Table 
No. 

Sources 
offering. 

86 
92 

10 
2 
2 
0 

102 
107 

m 

462 

0 

7 
1 
2 

I  The  itaUdzed  Oreen  Table  numbers  are  those  of  the  permitted  list  of  Food  Inspection  Dedaion  No.  76. 

Another  recommendation  suggested  the  permissive  use  of  42 
entries  in  the  Green  Tables,  which  are  tabulated  below  in  the  same 
manner  as  the  suggestions  in  the  preceding  recommendation: 

Comparison  of  4t  recommended  Qreen  Table  ntmbers  with  reports  in  the  literature. 


Green 
table 
No. 

Un- 
favor- 
able. 

Favor- 
able. 

Equiv- 
ocal. 

No 
report.1 

Qreen 
table 
No. 

Un- 
favoi^ 
able. 

Favor^ 
able. 

Equiv- 
ocal. 

No 
report.1 

1 

17 
60 
63 
64 

66 
06 
86 
86 
80 
02 
94 
102 
103 
107 
138 
163 
166 
240 
260 
287 

X 

427 
434 
448 
461 
456 
457 
462 
477 
478 
479 
480 
604 
612 
613 
614 
616 
617 
618 
662 
601 

Total 

X 

X 
X 

X 

X 
X 

X 

X 
X 

X 

X 

X 

x* 

X 

X 
X 

X 
X 

X 

X 

X 
X 

X 
X 

X 

X 
X 
X 

X 
X 

X 

X 
X 

X 

X 
X 

X 
X 

X 

X 
X 



5 

14 

15 

8 

1  Of  physiologloal  tests  in  compiled  literature. 

Applying  the  conclusions  hereinbefore  reached  to  these  entries, 
it  is  found  that  14  out  of  the  42  colors  recommended,  or  exactly 
one-third,  had  been  examined  physiologically  with  only  favorable 
results,  and  the  remaining  two-thirds  had  been  either  examined 
physiologically  with  only  unfavorable  or  with  conflicting  results, 
or  had  not  been  examined  at  all. 

The  14  chemical  individuals  examined  with  favorable  result  and 
the  number  of  sources  out  of  a  possible  12  oflFering  them  on  the 
United  States  market  in  the  summer  of  1907  are  as  follows: 
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Colon  reported  on  favorably  and  number  of  dealers  JumdHng 


Oreen 
table 
No. 

Sources 
oflering. 

Green 
table 
No. 

SooToes 
oflering. 

U 
65 
86 
89 
93 
102 
103 

10 
2 
2 

1 
0 
0 
6 

m 

166 
240 
462 
477 
612 
677 

7 
0 
1 
2 
0 
8 
5 

t  The  ItaUdied  Green  Table  numbers  are  those  of  the  permitted  list  of  Food  Inspectloa  Deoiaioii  No.  TL 

The  third  of  these  recommendations  suggested  27  different  chemical 
individuals  for  pennissive  use;  these  are  tabulated  below  in  the  same 
manner  as  the  suggestions  in  the  preceding  recommendations. 

Twenty-ieven  colore  recommended  for  use  and  reports  in  the  literature  on  the  . 


Oreen 
table 
No. 

Un- 
favor- 
able. 

Favor- 
able. 

Equiv- 
ocal. 

No 
repmrt.^ 

table 
No. 

Un- 
favor- 
able. 

Favor- 
able. 

Equiv- 
ocal. 

No  ^ 
reporta- 

4 

16 

17 

18 

41 

65 

85 

102 

197 

201 

898 

457 

462 

476 

477 

X 

481 
612 
516 
517 
518 
621 
632 
684 
601 
602 
650 

m 

Total 

X 

X 
X 
X 
X 

X 

X 

X 

X 

X 
X 
X 

""■*x' 

X 

X 
X 

X 

X 

X 

X 
X 

X 

X 

X 

X 

4 

10 

10 

S 

X 

1  Of  phyaiologloal  tests  in  literature  compiled. 

Therefore,  applying  the  same  method  of  drawing  conclusions  aa 
in  the  case  of  the  preceding  two  recommendations,  it  appears  that 
10  out  of  the  27  suggested  chemical  individuals  had  been  examined 
physiologically  with  only  favorable  results,  and  the  remaining  17 
had  either  not  been  examined  at  all  or  with  unfavorable  or  con- 
flicting results.  The  1 0  chemical  individuals  examined  with  favorable 
results,  and  the  number  of  sources  out  of  a  possible  12  offering  them 
on  the  United  States  market  in  tho  summer  of  1907,  are  as  follows: 

The  10  recommended  colors  favorably  reported  on  in  the  lileraiwre  and  the  dealers  handling 

same. 


Oreen 

Souroea 

Green 

Souroes 

Table 

han- 

Table 

han- 

No. 

dling. 

No. 

dling. 

M 

10 

477 

0 

65 

2 

612 

3 

8B 

2 

617 

6 

102 

0 

621 

0 

462 

2 

69$ 

3 

s  TbB  ttalioiied  Green  Table  numbers  are  those  of  the  permitted  list  of  Food  Inspection  DeoiBloQ  No.  7&. 
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AU  of  the  colors  included  in  these  three  recommendations  con- 
Iteming  which  only  favorable  reports  were  found  in  the  literature  are 
giiren  in  the  following  table: 


Recommended  colore  favorably  reported  on  in  the  literature. 

Reoommendations. 

Green 

Table 

No. 

Dealers 
ofler- 
ing. 

Oreen 
Table 
No. 

Dealers 
offer- 
ing. 

I. 

n. 

III. 

TotaL 

I. 

n. 

m. 

Total. 

'4 

z 

X 

X 

3 

10 

240 

X 

1 

1 

X 

X 

X 

3 

2 

462 

X 

X 

X 

8 

2 

85 

X 

X 

X 

477 

X 

X  • 

2 

0 

80 

X 

612 

X 

X 

2 

8 

92 

X 

X 

617 

X 

X 

2 

6 

102 
103 

X 

X 
X 

X 

621 
699 

X 
X 

1 
1 

0 
3 

im 

166 
169 

0 

1 

X 

X 

Total. 

8 

14 

10 

>  The  Italicized  Oreen  Table  numbers  are  those  of  the  permitted  list  of  Food  Inspection  Decisbn  No.  70b 

This  table  is  now  rearranged  to  show — 
I .   The  recommended  colors  not  &ffered  in  the  United  States  mxxrket  in  the  summer  of  1907, 


Green 
Table  No. 

Recom- 
mended 
by- 

Green 
Table  No. 

Rooom- 

mcnded 

by- 

92 
102 
166 

2 
8 
1 

477 
621 

2 
1 

II.   The  recommended  colors  offered  on  the  United  States  market  in  the  summer  of  1907, 


Green 
Table  No. 

Recom- 
mended 
by- 

Sooroes 
handling. 

Green 
Table  No. 

Recom- 
mended 
by- 

Sources 
handling. 

'4 

86 
89 
103 
107 

8 
3 
8 

1 
1 
2 

10 
2 
2 

1 
6 
7 

169 
240 
462 
612 
617 
699 

1 

1 
3 
2 
2 

1 

1 

1 
2 
8 
6 
8 

I  Tlie  ttaUcised  Green  Table  numbers  are  those  of  the  permitted  list  of  Food  Inspection  Decision  No.  76. 

It  appears  that  out  of  17  different  chemical  individuals  suggested 
by  these  3  recommendations  jointly;  5  were  not  on  the  United  States 
market  in  the  summer  of  1907,  and  12  were  on  that  market;  also  that 
of  these  12,  4  were  suggested  by  all  3  recommendations;  3  were 
wanted  by  only  2  out  of  the  3,  and  the  remaining  5  were  spoken  for 
by  only  one.  Examining  all  of  the  recommendations,  it  appears 
that  out  of  a  total  of  79  recommendations  17  had  been  examined  with 
only  favorable  results,  and  that  the  remaining  62  were  either  not 
examined  or  had  been  examined  with  unfavorable  or  conflicting 
results. 

To  add  to  the  confusion  the  third  recommendation  mentioned  sug- 
gested that  the  following  Oreen  Table  numbers  shoxild  not  be  permit- 
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ted  for  use  in  food  products  because  they  are  harmful:  1;  2;  3;  6;  86; 
95;  425;  451;  454;  480;  483;  484;  487;  488;  490;  571;  584;  599; 
620;  624;  650.  The  same  paper,  however,  recommended  that  Nc^. 
584  and  650  be  permitted  for  use  in  food  products;  that  No.  86,  sug- 
gested by  both  the  other  recommendations,  be  prohibited;  and  that 
Nos.  95,  451,  and  480,  su^ested  by  one  or  the  other  of  the  remaining 
two  reconmiendations,  be  likewise  prohibited  for  use  in  food  products. 
It  must  be  clear  to  everyone  that  these  three  recommendations  are 
not  of  one  mind  as  to  (1)  the  colors  which  are  harmless;  (2)  the 
colors  which  are  harmful;  (3)  tho  colors  which  are  used  or  are  useful 
in  food  coloring;  and  (4)  the  colors  which  should  be  used  in  food 
coloring.  Such  a  state  of  affairs  fully  justifies  rules  of  the  scope  and 
intent  of  those  formulated  at  the  beginning  of  this  section  for  making 
a  selection  of  permissible  food  colors. 

PBOOESS  OF  ELIMINATION. 

From  the  foregoing  data  it  appears  that  out  of  80  diflFerent  chemical 
individuals  on  the  food-color  market  of  the  United  States  in  1907, 
only  16  had  been  examined  physiologically  with  a  favorable  result 
(see  p.  64). 

These  16,  arranged  according  to  the  shade  produced,  are  as  follows 
(numbers  preceding  the  names  are  the  Green  Table  niunbers;  the 
numbers  in  parentheses  show  the  number  of  sources  desiring  the  color; 
the  italicized  Green  Table  numbers  are  the  ones  finally  selected  by 
Food  Inspection  Decision  No.  76) : 

REDS. 

66.  Fast  Red  B  (Alphanaphthylamin  aso-R-ealt)  (2). 
103.  Azorubin  S  (Naphthionic  acid  azo  NW  acid)  (6). 
105.  Fast  Red  E  (Naphthionic  acid  azo-Schaeffer  acid)  (1). 
107.  Amaranth  (Naphthionic  acid  azo-R-ealt)  (7). 

169.  Crocein  Scarlet  7B  (Amidoazotolutol-monosulphonic-acid-azo-betanapbthol- 
monosulphonic  acid  B)  (1). 
240.  Congo  Red  (Benzidin  disazo-naphthionic  acid)  (1). 
462.  Acid  Magenta  (Magenta  trisulphonic  acid)  (2). 
512.  Eosin  A  (Tetra-bromo-fluoreecein)  (3). 
517,  Erythrosin  (Tetra-iodo-fluoreecein)  (5). 
520.  Rose  Bengal  (Dichlor-tetraiodo-fluorescein)  (2). 

ORANGE. 

85,  Orange  I  (Sulphanilic  acid  azo-alpha-naphthol)  (2). 

TELLOW8. 

4,  Naphthol  Yellow  (DinitroalphanaphtholBulpho  acid)  (10). 
89.  Brilliant  Yellow  S  (Sulphanilic  acid  azo-diphenylamin,  sulphonated)  (1). 

OREEN8. 

433.  Guinea  Green  B  (Benzyldehyde  +  benzylethyanilin  sulpho-acid)  (1). 
4S5,  Light  Green  S  F  yellowish  (Benzyldehyde+benzylethylanilin+sulphoDa* 
tion)  (4). 
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BLUB. 
€9t.  Indigo  Oannine  (Indigo  disulpho  acid)  (3). 

Considering  now  the  reds,  and  particularly  107,  which,  as  the  num- 
ber appearing  in  parentheses  after  the  scientific  name  indicates,  was 
wanted  by  7  sources  out  of  the  12  drawn  on,  this  being  the  most 
desired  of  all  the  reds,  it  would  seem  reasonable  to  believe  that  all  the 
wants  supplied  by  65,  103,  105,  169,  240,  and  462  would  be  covered 
by  107.  Chemically  107  is  closely  allied  to  65,  103,  105,  and  tmc- 
torially  it  is  likewise  closely  allied  to  169,  240,  and  462. 

Nos.  512,  517,  and  520  are  chemically  quite  different  from  the  other 
members  of  this  group,  and  tinctorially  they  differ,  being  of  a  particu- 
larly brilliant  shade,  and  tinctorially  more  powerful;  517  being 
desired  by  5  out  of  the  12  sources  drawn  upon,  and  thus  being  the 
most  desired  of  these  three  colors,  was  selected  in  the  expectation 
that  any  work  512  and  520  could  do  in  food  products  would  be  equally 
well  done  by  517.  For  reds,  therefore,  the  choice  fell  upon  107  and 
517. 

Orange. — Only  one  color  was  wanted,  and  that  by  2  out  of  the  12 
sources,  and  this  was  placed  in  the  permitted  list. 

Yellows. — ^The  choice  of  No.  4,  which  was  wanted  by  10  out  of  the 
12  sources,  was  made  in  the  expectation  that  every  purpose  that  89 
could  serve  in  food  products  could  be  served  also  by  4. 

Qreens. — ^Tinctorially  and  chemically  the  two  greens  are  very 
closely  allied,  and  in  view  of  the  reasonableness  of  the  expectation 
that  435  could  do  all  the  work  of  433  as  well,  its  choice  was  regarded 
as  justified,  especially  as  435  was  wanted  by  4  out  of  the  12  sources, 
as  against  only  one  for  433. 

Blue. — No.  692  being  regarded  as  harmless  by  ^ll,  and  being  the 
only  blue  in  the  Ust,  it  was  selected. 

Iq  this  maimer  six  out  of  the  seven  permitted  colors  were  selected. 

BBASONS  FOB  ADDING  PONOEATT  3B. 

An  examination  of  the  table  on  page  20  discloses  the  fact  that 
among  the  reds  desired  four  were  azo-reds  made  from  anilin  deriva- 
tives as  the  first  component,  namely: 

53.  Xylidin-azo-alphanaphtholdisulpho  acid. 

54.  Xylidin-azo-Schaeffer  acid. 

55.  Xylidin-azo-R-ealt. 

56.  Oomidin  azo-Brflalt. 

Each  of  these  was  wanted  by  1  source  out  of  the  possible  12.  This 
was  construed  as  an  expression  of  a  real  need  in  the  art  of  food  coloring 
for  a  color  of  this  class.  The  reason  for  such  a  need  was  not  then,  nor 
is  it  now,  apparent,  but  the  propriety  of  giving  even  a  seeming  need 
due  consideration  was  regarded  as  justified.  For  only  one  of  the  four 
desired,  namely,  55,  could  any  specific  references  in  the  literature  be 
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found,  and,  in  fact,  four  references  were  found  favorable  thereto  and 
three  unfavorable  thereto;  thus  eliminating  55  from  consideration, 
leaving  53,  54,  and  56. 

The  Austrian  law  of  January  22,  1896  (see  lieber,  p.  16),  permits 
the  use  of  azo  colors  derived  from  higher  homologues  of  anilins, 
beginning  with  xyUdin  and  sulphonated  betimaphthols.  As  Nos.  53 
and  54  were  boti  derived  from  xylidin,  it  was  r^arded  as  safe  to 
assiune  that  they  would  probably  be  as  objectionable  as  55.  This 
left  56  only  to  be  considered,  which  color  is  derived  from  cumidin 
and  R-ealt.  The  cumidin  portion  satisfies  the  Austrian  law  and  also 
satisfies  the  general  law  laid  down  in  Fraenkel  (p.  16S),  namely,  that 
the  greater  the  nimiber  of  ring-methyls  the  less  the  toxic  property  of 
the  resulting  compoimd,  because  of  the  oxidation  of  these  methyls  to 
carboxyls  in  the  animal  system;  the  R-salt  portion  satisfies  the  gen- 
eral law  laid  down  in  Fraenkel,  that  the  more  highly  sulphonated  the 
less  toxic  a  substance  becomes,  and  therefore  56  is  in  the  first  portion 
of  its  composition  of  such  a  nature  as  to  be  lees  objectionable  than  55, 
if  55  be  objectionable. 

Tins  combination  of  facts,  namely,  the  desirability  of  an  anilin 
azo-red,  the  provision  for  diminishing  the  toxicity  of  55  by  the  sub- 
stitution of  cumidin  ^f or  xyUdin  therein,  and  the  general  provision 
in  the  Austrian  food  law,  made  it  appear  desirable  and  safe  to  take 
into  account  an  anilin  azo-red,  and  therefore  to  select  56  as  probably 
the  least  objectionable,  if  it  be  at  all  objectionable,  of  the  anilin 
azo-reds. 

The  full  list  of  permitted  colors  was  therefore  extended  to  7,  as 
follows: 

Red  shades. —107,  Amaranth;  56.  Ponceau  3R;  517.  Erythrodn. 

Orange  shade. — 85.  Orange  I. 

Yellow  »hade.-A.  Naphthol  Yellow  S. 

Oreen  shade. — 435.  Light  Green  S  F  yellowish. 

Blue  shade. — 692.  Indigo  disulpho  acid. 

It  should  be  noted  that  with  respect  to  tetra-iodo-fluorescein,  517 
of  the  Green  Tables,  no  specific  investigation,  pronouncing  it  harmless 
or  harmful,  is  described  in  the  literature.  No.  516,  the  diodo-fluores- 
cein,  is  reported  specifically  adversely  in  the  Uterature,  especially  by 
Chlopin;  the  Confectioners'  List,  the  laws  of  Austria,  the  laws  of 
France,  the  rather  superficial  examination  of  No.  517  by  Orandhonmie; 
and  the  statement  in  Fraenkel  {p,  674),  that  it  produces  no  disturbance, 
are  all  taken  to  apply  to  517  and  not  to  516.  The  identification  of  the 
color  under  examination  with  517  has  not  in  all  cases  been  satisfac- 
torily exclusive,  but  it  is  beUeved  that  the  di£Ferentiation  of  the 
harmful  516  by  Chlopin  makes  all  the  other  references  cited  pertinent 
to  517. 
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With  respect  to  435,  it  must  be  pointed  out  that  434,  which  is  the 
methyl  instead  of  the  ethyl  derivative,  has  only  been  regarded  as 
suspicious,  and  one  examination  of  435,  namely,  that  of  Lieber 
(p.  144)  J  does  not  appear  to  disclose  anything  which  would  positively 
exclude  435. 

QXTALITY,  CLEANLINESS,  AND  EFFICIENOY. 

The  justification  for  limiting  the  permitted  colors  to  6  out  of  16, 
against  which  nothing  unfavorable  is  contained  in  the  Uterature  and 
regarding  which  favorable  statements  are  at  hand,  and  the  addition 
to  these  6  of  the  seventh  color  is  to  be  f  oimd  in  the  veiy  great  variation 
in  tinctorial  quaUty,  in  percentage  of  coloring  matter,  in  amoimts 
of  insoluble  matter,  both  organic  and  inorganic,  and  in  the  amoimts 
of  organic  matter  not  coloring  matter,  as  well  as  in  the  large  number 
of  samples  containing  an  amoimt  of  arsenic  in  excess  of  that  permitted 
by  the  United  States  Pharmacopoeia  for  the  only  coal-tar  color 
therein  mentioned,  namely.  Methylene  Blue,  and  the  varying  amounts 
of  heavy  metals,  such  as  copper,  lead,  and  iron,  mostly  in  excess  of 
the  limits  permitted  in  the  Pharmacopoeia  for  various  medicinal 
chemicals.  This  wide  variation  in  quaUty  and  degree  of  cleanliness, 
all  pointing  to  a  very  great  di£Ference  in  the  care  with  which  coal-tar 
colors  offered  for  food  purposes  are  prepared,  render  the  conclusion 
safe  that  some  control  over  food  colors  in  respect  to  quality  is  desir- 
able, necessary,  and  essential. 

The  efficiency  of  the  7  colors,  6  of  which  were  selected  from  among 
the  16  considered  for  the  purpose  of  making  this  list  of  permitted  colors 
as  being  reasonably  sure  to  be  harmless,  is  evidenced  by  the  fact  that, 
although  the  addition  of  colors  has  been  sought  by  persons  interested 
m  the  food-coloring  art,  not  one  of  the  remaining  10  colors  of  those 
16  has  been  so  requested.  In  other  words,  the  colors  that  the  depart- 
ment has  been  requested  to  add  to  the  permitted  list  were  outside 
of  the  16  colors  which  were  on  the  markets  of  the  United  States  in 
1907,  and  were  described  in  the  literature  in  such  a  manner  as  to  lead 
to  the  conclusion  that  they  were  probably  not  harmful. 

Xm.  LISTS  OF  COLOES  SVBSEQTJEHTLT  BECOMMENDED  BT 

nmiyiDUALS  ahd  associations. 

Since  Food  Inspection  Decisions  Nos.  76  and  77  were  published 
recommendations  of  lists  of  permitted  colors  have  been  made  by 
other  individuals  and  by  a  voluntary  association.  For  the  purpose 
of  comparing  these  proposed  lists  of  permissible  colors  with  the  per- 
mitted list  of  Food  Inspection  Decision  No.  76,  the  former  are  now 
to  be  examined  in  the  same  manner  as  the  coal-tar  colors,  on  the 
United  States  market  in  the  summer  of  1907  for  food  coloring  pur- 
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poses,  were  examined  in  order  to  establish  the  pennitted  list  of  7 
colors.    These  recommendations  cover  the  following  lists: 

1.  W.  Eni8t*8  list. 

2.  Muttelet's  interpretation  of  the  French  law. 

3.  Second  International  White  Cross  Congress  list. 

4.  Beythien  and  Hempers  list. 

5.  An  American  manufacturer's  list. 

6.  B^hal's  list. 

EBNST. 

W.  Ernst  (Fdrher  ZeUung  1908,  vol  19,  p.  S81;  abst.  Chem.  Zig. 
"  Repofiorium"  1909,  p.  89)  recommends  for  use  in  foods  the  following 
38  titles  of  coal-tar  colors.  The  Green  Table  numbers  appear  in 
parentheses  after  each  title  where  corresponding  numbers  could  be 
ascertained;  the  itaUcized  numbers  are  those  of  the  permitted  list 
of  Food  Inspection  Decision  No.  76. 


1.  Auramin  (425,  426). 

2.  Naphthol  YeUow  S  (4). 

3.  Quinolin  YeUow  (666,  667). 

4.  Tartrazin  (94). 

5.  Acid  Yellow  (8,  88,  95,  4), 

6.  Spirit  Yellow  (Amidoazobenzol)  (7). 

7.  Curcumin  S  (399). 

8.  Eoain  (512,  514,  515,  517,  521). 

9.  Erythrosin  (516,  517), 

10.  Fluorescein  (510). 

11.  Orange  II  (86). 

12.  Crocein  Orange  (13). 

13.  Bade  Oranges  (?). 

14.  Fast  Red  (63,  65,  102,  103,  105,  107, 

144). 

15.  Amara  Red  (?). 

16.  Naphthol  Red  (?). 

17.  Azo  red  (62). 

18.  Bordeaux  (65, 107, 157, 170, 171,  198, 

244). 

19.  Victoria  Rubin  (?). 

20.  Ponceau  (13,  15,  44,  55,  56,  57,  108, 

114, 146, 147, 148, 150, 160, 163, 169, 
448). 


21 


Rhodamin  (496,  497,  498,  502,  504, 
505). 

22.  Acid  Magenta  (462). 

23.  Safranin  (583,  584,  585). 

24.  The  Croceins  (13,  104,  106,  146,  151, 

160,  164,  169). 

25.  Acid  Green  (434,  4S5). 

26.  Brilliant  Fulling  Green  (?). 

27.  Malachite  Green  (427,  428). 

28.  BrDliant  Green  (428). 

29.  Water  Blue  (480). 

30.  Patent  Blue  (440, 442). 

31.  Brilliant  Fulling  Blue  (7). 
Domingo  Blue  B  extra  (?). 
Methyl  Violet  (451,  454). 
Acid  Violet  (464,  465,  467,  468,  470, 

471,  472,  474,  507). 
Bismarck  Brown  (197,  201). 

36.  Acid  Brown  (133, 138). 

37.  NigroBin  (600,602). 

38.  Several  Add  Blacks  (184  and  ?). 


Of  these  38  titles  only  11  refer  to  a  single  entry  each  in  the  Green 
Tables  (namely  2,  4,  6,  7,  10,  11,  12,  17,  22,  28,  29);  7  titles  can  not 
be  definitely  connected  with  any  entry  in  the  Green  Tables  (titles  13 
15,  16,  19,  26,  31,  32);  one  title  is  broader  than  the  corresponding 
color  in  the  Green  Tables  (title  38)  and  the  remaining  19  titles  each 
and  all  refer  to  more  than  one  entry  in  the  Green  Tables. 


Digitized  by 


Google 


I4ISTS  OF  COLORS  EECOMMENDED  BY  INDIVmUALS. 


171 


These  31  titles  embrace  88  diflferent  entries  in  the  Green  Tables; 
some  of  these  entries  are  included  in  two  or  more  titles  as  follows: 


Green  Table 

number.  Titles. 

4 2,5 

13 12,20,24 

65 14,18 

107 14,18 


Green  Table 
number.  Titlea 

160 20,24 

169 20,24 

428 27,28 

617 8,9 


These  88  different  Green  Table  entries  can  be  divided  as  follows  on 
the  basis  of  the  compilation  of  Uterature  on  physiological  action  here- 
inbefore given  (see  p.  63)  : 

Unfavorable  <mly,—H,  164,  201,  425,  434,  502,  516,  602,  667.  Total  9,  or  10.2  per 
cent. 

Favorable  orUy.^i,  65,  102, 103,  105, 107,  169,  399,  ^5,  462,  467,  512,  617,  521,  600. 
Total  15,  or  17.0  per  cent. 

Conflicting.^,  13, 15,  55,  86,  88,  95,  106, 138,  160,  163,  197,  427,  428,  448,  451,  480, 
604,  584.    Total  19,  or  21.6  per  cent. 

Not  reported  on,— 7,  44,  56  \  57,  62,  63,  104,  108,  114,  133,  144,  145,  146,  147,  148, 
150, 151, 157, 170, 171, 184, 198,  244,  426,  440,  442,  454,  464,  465,  468,  470, 471,  472,  474, 
496,  497,  498,  605,  507,  610,  514,  515,  583,  585,  666.    Total  45,  or  51  per  cent. 

According  to  this  mode  of  judging  only  15,  or  17  per  cent,  of  the 
colors  su^ested  by  Ernst  for  food  coloring  would  be  regarded  as 
proper  for  use  in  foods. 

These  15  embrace  4  of  the  7  permitted  colors  of  Food  Inspection 
Decision  No.  76,  namely,  4,  107,  435,  and  517,  leaving  11  to  be  con- 
sidered. Of  these,  5  were  not  on  the  United  States  market  in  the 
summer  of  1907,  namely,  102,  399,  467,  521,  and  600. 

The  remaining  6  are  as  foUows  (the  numbers  in  parentheses  being 
the  number  of  sources  out  of  a  possible  12  oflFering  them  on  the  United 
States  market  in  the  summer  of  1907):  65  (2);  103  (6);  105  (1);  169 
(1);462  (2);  and  612  (3). 

The  reasons  for  the  noninclusion  of  these  in  the  permitted  list  of 
Food  Inspection  Decision  No.  76  have  been  given  on  page  167. 

MUTTBLET'S  INTEBPBETATION  OF  THE  FRENCH  LAW. 

Muttelet  {Annales  des  FdUiJlcaiions,  1909,  pp.  26-88),  places  the 
following  interpretation  on  the  French  regulations  of  December  29, 
1890^  and  of  August  4,  1908,  classifying  them  as — 

I.  Those  colors  which  are  certainly  permitted  by  those  regulations. 

II.  Those  colors  whose  permitted  or  prohibited  use  is  doubtful. 

III.  Those  colors  which  are  certainly  prohibited. 

The  Green  Table  numbers  contained  in  each  class  are  classified  as 
follows  (the  itaUcized  numbers  being  those  of  the  permitted  list  of 
Food  Inspection  Decision  No.  76):   (a)  Unfavorably  reported;  (&) 

t  See  page  167  for  special  reasons  for  including  Ponoeaa  3R  in  permitted  list. 
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favorably  reported;  (c)  conflictingly  reported;  (d)  not  reported  in 
the  literature  as  to  their  physiological  action  (see  p.  63) ;  in  paren- 
theses is  given  the  number  of  sources  out  of  a  possible  12  offering 
those  colors  on  the  United  States  market  in  the  summer  of  1907. 
I.  Those  colors  which  are  certainly  permitted: 

(a)  None.    (6)  4  (10);  5  (0);  462  (2);  612  (3);  517  (5);  620  (2);  600  (0);  total,  7. 
(c)  65  (2);  427  (2);  451  (5);  457  (0);  total,  4.    (d)  158  (0);  518  (2);  total,  2. 

n.  Those  colors  whose  permitted  or  prohibited  use  is  doubtful: 

(a)  None.    (6)  66  (2);  107  (7);  599  (0);  total,  3.    (c)  8  (5);  84  (2);  427  (2); 
457  (0);  601  (1);  total,  4.    (d)  452  (2);  456  (0);  513  (0);  514  (0);  total,  4. 

in.  Those  colors  which  are  certainly  prohibited: 

(a)  3  (0);  (6)  none;  (c)  427  (2);  (d)  none. 

It  will  be  noted  that  427  appears  in  all  three  of  Muttelet's  classifi- 
cations. The  reason  for  this  is  that  427  is  or  has  been  marketed  in  at 
least  three  different  forms;  of  these  the  straight  chlorhydrate  is  per- 
mittedy  the  oxalate  and  the  zinc  chlorid  double  salt  are  of  doubtful 
admissibiUty,  and  the  picrate  is  undoubtedly  forbidden. 

Also  457  appears  in  Muttelet's  C!lasses  I  and  II  because  the  ''Bleu 
Lumidre"  of  Muttelet's  C!lass  I  is  indistinguishable  from  his  ''Bleu 
LumiSre"  of  Class  II,  when  using  the  Green  Tables  as  a  guide.  Fur- 
ther, this  list  of  Muttelet  contains  only  3  out  of  the  7  colors  permitted 
in  Food  Inspection  Decision  No.  76,  namely,  4  and  517  of  his  Class  I 
and  107  of  his  Class  II. 

An  inspection  of  Muttelet's  C!lass  I  discloses  13  Green  Table 
entries,  of  which  only  7  have  been  reported  in  the  literature,  as 
herein  compiled  and  rated,  in  a  favorable  manner;  of  these  7,  2  were 
not  on  the  United  States  market  in  the  summer  of  1907  and  of  the 
remaining  5,  2  are  in  the  permitted  list  of  Food  Inspection  Decision 
No.  76;  the  remaining  3  are:  462.  Acid  Magenta  (2);  512.  E^osin 
(3);  520.  Rose  Bengal  (2),  and  the  reasons  for  whose  noninclusion 
in  the  permitted  list  of  Food  Inspection  Decision  No.  76  have  been 
given  (p.  167). 

SECOND  XNTEBNATIONAL  WHITE  CROSS  CONGRESS. 

The  Second  International  White  Cross  Congress,  held  in  Paris, 
October  18  to  24,  1909,  according  to  the  Chemiker  Zeitung,  1909, 
page  1227,  adopted  the  following  list  of  colors  which  were  said  to  be 
proper  for  use  in  coloring  food  products.  The  figures  in  parentheses 
are  the  Green  Table  numbers;  the  italicized  numbers  are  those  of  the 
permitted  Ust  of  Food  Inspection  Decision  No.  76. 


1.  Erythroem  (516,  617). 

2.  Rhodamin  B  (504). 
8.  Bordeaux  8  (107), 
4.  Bordeaux  G  (170). 


5.  Fast  Red  E  (105). 

6.  "New  Coccin  (106). 

7.  Ponceau  2R  (55). 

8.  Xylidin  Scarlet  (55). 
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9.  Magenta  (448). 

10.  Add  Magenta  (462). 

11.  Orange  I  (^5). 

12.  Naphthol  YeUow  S  (4). 

13.  Girysoin  (84). 

14.  Auramin  0  (425). 

15.  Add  Green  (434,  4S6). 


16.  Lyons  Blue  (457). 

17.  Patent  Blue  (440,  442). 

18.  Paris  Violet  (451). 

19.  Add  Violet  (464,  465,  467,  468,  470, 

471,  472,  474,  507). 

20.  Black  InduHns  (599). 

21.  Sulphonated  Nigrosin  (602). 


It  will  be  observed  that  titles  7  and  8  refer  to  the  same  Green  Table 
number;  this  leaves,  therefore,  only  20  titles  to  consider.  These  refer 
to  31  different  Green  Table  numbers  which  are  classified  as  (a)  only- 
unfavorable  reports,  (&)  only  favorable  reports,  (c)  conflicting  reports, 
and  (d)  no  reports,  in  the  literature  hereinbefore  compiled  and  rated 
(see  p.  63) : 

(a)  425,  434,  516,  602;  total,  4. 

(6)  4,  85, 105, 107,  4S5,  462,  467,  517,  599;  total,  9. 

(c)  55,  84, 106,  448,  451,  457,  504;  total,  7. 

(d)  170,  440,  442,  464,  465,  468,  470,  471,  472,  474,  507;  total,  11. 

The  numbers  of  section  (&),  of  which  only  favorable  reports  are 
recorded,  are  the  only  ones  here  of  interest;  tiliey  are  9  in  number,  or 
less  than  30  per  cent  of  all  those  included  in  this  list,  and  of  these  9, 
6  are  on  the  permitted  Ust  of  Food  Inspection  Decision  No.  76.  The 
remaining  4  are  the  following,  the  number  in  parentheses  represent- 
ing the  number  of  sources  out  of  a  possible  12  offering  them  on  the 
United  States  market  in  the  summer  of  1907: 

105.  Fast  Red  E  (1). 

462.  Acid  Magenta  (2). 

467.  Acid  Violet  6  B,  not  offered. 

699.  Printing  Blue,  not  offered. 

The  reasons  for  the  noninclusion  of  these  colors  in  the  permitted 
list  of  Food  Inspection  Decision  No.  76  have  been  given  on  page  167. 

BBYTHIBN  AND  HEHPEL. 

Beythien  and  Hempel  (Fdrber  Ztg.,  1909,  v.  16,  pp.  SOI,  S48,  S9i, 
4S6;  abst.  Chem.  Ztg.,  1910,  p.  68)  recommend  the  following  colors 
for  use  in  food  products.  (The  numbers  in  parentheses  are  the  corre- 
sponding Green  Table  numbers,  where  such  connection  could  be 
established;  the  itaUcized  numbers  are  those  of  the  permitted  list  of 
Food  Inspection  Decision  No.  76.) 


1.  Alizaiinblue  (562,  563). 

9.  FiOflin  (512,  514,  515,  517,  521). 

2.  Amaranth  (107), 

10.  Erythroein  (516,  517), 

3.  Bordeaux  Red  (?). 

11.  Fuchsin  S  (462). 

4.  Brilliant  Blue  (?). 

12.  Light  Green  S  F  yellowish  (^5) 

5.  Diamondfuchsin  (448). 

13.  Indigo  disulphoacid  {69t). 

6.  Fast  Blue  (477,  599,  601 

,639 

,640).- 

14.  Indulin8(599,601,603). 

7.  Fa8tYeUowK(9). 

15.  Light  Blue  (?). 

3.  Fast  Bed  (63,  65,  102, 

103, 

105,  107, 

16.  Malachite  Green  (427,  428). 

144). 

17.  Methyl  Violet  (451,  454). 
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18.  Naphthol  YeUow  S  (4). 

19.  Orange  I  {85), 

20.  Orange  L  (64). 

21.  PariB  Violet  (451). 

22.  Phloxin  (518,  521). 

23.  Ponceau  3R  (56,  57). 

24.  Ponceau  Red  (?). 

25.  Primroee  (3,  513,  514). 


26.  Roccellin  (102). 

27.  Roscellin  (?). 

28.  Rubin  (448). 

29.  Acid  YeUow  8  (4). 

30.  Acid  Magento  (402). 

31.  SoUd  Blue  (?). 

32.  Tropaeolin  000  («5,  86). 

33.  Waterblue  (480). 


For  six  titles  (3,  4,  15,  24,  27,  and  31)  no  corresponding  Green 
Table  number  could  be  determined. 

Of  the  remaining  27  titles,  No.  9  includes  part  of  No.  10,  32  includes 
19,  9  includes  part  of  25,  8  includes  26,  17  includes  21, 11  is  identical 
with  30,  and  18  is  identical  with  29,  all  on  the  assumption  that  the 
correct  connections  between  title  and  Green  Table  numbers  have  been 
made.  Therefore  these  27  titles  are,  in  fact,  only  25  titles;  of  these 
25  titles,  13  refer  to  but  one  Green  Table  number  each;  the  remaining 
12  titles  each  refer  to  two  or  more  Green  Table  niunbers. 

The  Green  Table  numbers  above  given  are  now  arranged  in  the 
following  four  classes  according  to  the  literature  hereinbefore  com- 
piled and  rated  (see  p.  63) : 

(a)  Only  unfavorable  reports;  3,  616,  639;  total,  3. 

(6)  Only  favorable  reports:  4,  66,  85, 102, 103,  105, 107,  4S5,  462,  477,  612,  517,  621, 
599,  692:  total,  16. 
(c)  Conflicting  reports:  9,  86,  427,  428,  448,  461,  480,  563,  601;  total,  9. 
((/)  No  reports:  54, 56,^  57, 63, 144, 454, 513,  514, 516, 518, 562, 603, 640;  total,  13. 

The  15  Green  Table  numbers  of  class  (Jb)  are  the  only  ones  here  of 
interest;  they  include  6  out  of  the  7  permitted  colors  of  Food  Inspec- 
tion Decision  76;  of  the  remaining  9,  4  (102,  477,  521,  599)  were  not 
on  the  United  States  market  in  the  summer  of  1907.  The  remaining 
5  are  as  follows.  (The  number  in  parentheses  is  the  number  of 
sources  out  of  a  possible  12  offering  them  on  the  United  States 
market  in  the  sununer  of  1907) : 

65.  Fast  Red  B  (2).  462.  Acid  Magenta  (2). 

103.  Azorubin  S  (6).  512.  Eoein  (3). 

105.  Fast  Red  E  (1). 

The  reasons  for  the  noninclusion  of  these  colors  in  the  permitted 
list  of  Food  Inspection  Decision  No.  76  have  been  given  on  page  167. 

SXTMMABY  OF  THREE  PBECEDINa  BECOMMENDATIONS. 

The  reconunendations  made  by  Ernst,  the  White  Cross  Congress, 
and  Beythien  and  Hempel  are  summarized  in  the  following  table: 

1  See  page  167  for  special  reasons  for  permitting  use  of  Ponoeaa  8R. 
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Summary  of  recommendations  from  three  sources. 


Green 

Table  No. 

(11). 

UnfftYorable  reports  only. 

Number 
recom- 
mending. 

Dealers 
offering. 

Emrt. 

White 
Cross. 

Beythlen 

and 
Hempel. 

3 

X 

1 
1 
1 
1 
2 
2 
1 
3 
2 
1 
1 

0 
6 
0 
2 
3 
1 
2 
1 
0 
0 
1 

94 

164 

301 

425 

434 

602 

516 

602 

639 

X 
X 

X 
X 

X 

X 

667 

Total.. 

X 

9 

4 

3 

Green 

Table  No. 

(19). 

Favorable  reports  only. 

Nomber 

reoom« 

mending. 

Dealers 
offering. 

Ernst 

White 
Cross. 

Beythlen 

and 
HempeL 

4 

66 

86 

z 

X 

X 

X 
X 
X 
X 
X 
X 
X 

10 
2 
2 
0 
6 
1 
7 
1 
0 
4 
2 
0 
0 
3 
6 
0 
0 
0 
8 

X 

102 

103 

106 

m 

169 

899 

4SS 

4G2 

467, 

477 

X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 

X 
X 
X 

X 
X 

X 
X 
X 
X 
X 

612 

Sir 

621 

509 

X 
X 
X 

X 

X 

600 

est 

X 

X 

Total.. 

16 

9 

16 

Green 

Table  No. 

(24). 

Conflicting  reports. 

Number 
recom- 
mending. 

Dealers 
offering. 

Ernst. 

White 
Cross. 

Beythlen 

and 
Hempel. 

8 

9 

X 

1 

1 
1 
1 
2 
1 
2 
1 
1 
2 
1 
1 
1 
1 
2 
2 
3 
8 
1 
2 
2 
1 
1 
1 

8 
0 
2 
6 
0 
0 
0 
4 
2 
3 
4 
6 
0 
1 
6 
0 
1 
1 

X 

13 

15 

65 

84 

X 
X 
X 

X 
X 

86 

88 

96 

106 

138 

160 

\^::::::: 

427 

428 

448 

451 

457 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

X 

X 
X 
X 
X 

X 
X 
X 

480 

604 

663 

X 
X 

X 

X 

X 

684 

601 

X 

X 

Total.. 

19 

7 

9 
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Summary  of  reoommendoHoTis  from  three  »ource9 — Continu  ed . 


Oreen 

Table  No. 

(51). 

Not  reported 

on. 

Number 
recom- 
mending. 

Dealers 
ollsring. 

Ernst. 

White 
Cross. 

Beytblen 

and 
Hemp^l. 

7 

44 

54 

X 
X 

i 

0 

0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 

0 
0 

1 

0 

1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 

X 
X 
X 

66 

67 

62 

63 

104 

108 

114 

133 

144 

145 

146 

147 

148 

150 

151 

157 

170 

171 

184 

198 

244 

426 

440 

442 

454 

464 

465 

468 

470 

471 

472 

474 

496 

497 

498 

605 

607 

510 

513 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

X 

X 

X 

X 

X 

X 
X 
X 
X 
X 

614 

615 

618 

X 
X 

56? 

683 

686 

603 

X 
X 

X 
X 

640..  . 

.   666 

Total.. 

X 

45 

11 

13 

These  three  recommendations  embrace  105  different  Green  Table 
numbers.  The  following  table  discloses  the  conformity  of  the  com- 
posite of  these  three  recommendations  to  the  United  States  market 
in  the  summer  of  1907: 

Number  ofmggested  samples  in  the  three  supplementary  lists  found  vn  the  market,  19C7, 


Data. 

Total  in 
class. 

On  United 
Stetes 
market 

Unfavorable 

\l 

24 
61 

7 
13 
17 
10 

Favorable 

Ck>nflicting 

Not  reported 

Total 

106 

47 
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T7NPX7BIJSHED  BECOHHENDATION8  OF  A  MANXJFACTX7BEB. 

In  addition  to  these  published  recommended  lists  the  following 
recommendation  has  been  made  by  letter  by  a  manufacturer  who 
contributed  specimens  of  food  colors  to  the  United  States  market 
in  the  summer  of  1907 : 

That  for  the  following  permitted  colors  of  Food  Inspection  Decision 
No.  76,  there  be  substituted  certain  colors,  the  Green  Table  numbers 
alone  being  here  given : 


imltted. 

Sabstitote. 

4 

94 

66 

53 

85 

15 

517 

521 

In  r^ard  to  these  proposed  substitutes  it  is  to  be  said  that  Nos. 
15  and  521  were  not  on  the  United  States  market  in  the  summer  of 
1907,  according  to  the  canvass  made  and  described  in  Section  I, 
Nos.  53  and  94  were  on  that  market,  No.  53  had  not  been  examined 
physiologically,  and  No.  94  had  been  examined  physiologically 
with  only  unfavorable  results.  The  way  was,  therefore,  not  open  to 
placing  any  of  these  colors  on  the  permitted  list  under  the  procedure 
adopted.  However,  had  No.  15  been  on  the  market  it  would  not 
have  been  placed  on  the  permitted  list,  because  it  has  been  examined 
physiologically  with  contradictory  results,  while  No.  521  might  have 
been  placed  on  the  permitted  list  because  it  seems  to  have  been 
examined  physiologically  and  with  only  favorable  results. 

BfiHAL. 

As  the  result  of  careful  investigation  B6hal  {Revue  O&nirdle  des 
MaiHres  Cohrantes,  1910,  p.  ISl)  suggests  the  use  of  21  definite 
chemical  individuals  which  are  given  in  the  following.  With  the 
tabulation  on  page  63  as  a  guide  these  21  colors  are  classified  as 
unfavorable,  favorable,  contradictory,  and  not  reported  on.  The 
italicized  figures  are  in  the  permitted  list  of  Food  Inspection  Decision 
No.  76. 

UNFAYOBABLB  (1). 

425.  Auramin  O  (3). 

rAYORABLB  (11). 


4.  Naphthol  YeUow  S  (10). 

65.  Bordeaux  B  (2). 

85.  Orange  I  (2). 
105.  Fast  Red  (1). 
107,  Amaranth  (7). 
4S5.  Light  Green  8  F  yellowish  (4). 

©7291*^— Bull.  147—12 12 


462.  Acid  Magenta  (2). 
467.  Acid  Violet  6B  (none). 
512.  Eosin  (2). 
517,  Eryihrosin  (5). 
520.  Rose  Bengal  (2). 
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CONTRADICTORY  (6). 


55.  Ponceau  2  R  (2). 
84.  ChryBoin  (2). 
106.  New  Coccin  (5). 


54.  Scarlet  R  (1). 

64.  Crystal  Ponceau  (1). 


427.  Malachite  Green  (2). 
451.  Methyl  Violet  (5). 
480.  Water  Blue  (1). 


NOT  BBPORTBD  ON   (3). 


440.  Patent  Blue  (1). 


The  five  in  the  "favorable"  list  which  were  on  the  United  States 
market  in  the  summer  of  1907,  but  are  not  in  the  permitted  list  of 
Food  Inspection  Decision  No.  76,  namely: 


65.  Bordeaux  B  (2); 
105.  Fast  Red  (1); 
462.  Acid  Magenta  (2); 


512.  Eoein  (2); 

520.  Rose  Bengal  (2), 


are  tinctorially  provided  for  in  that  list;  only  one  of  the  21  colors 
recommended  by  B^hal  was  not  on  the  market  of  the  United  States 
in  the  summer  of  1907,  namely,  467  Acid  Violet  6B,  and  this  is  in  the 
"favorable"  list.  The  reasons  for  the  non-inclusion  of  these  colors 
are  given  on  page  167. 

CONCLXrSIONS. 

It  is  clear  from  an  inspection  of  the  preceding  analysis  of  the  six 
lists  just  given  that  the  confusion  referred  to  on  page  165  as  existing 
in  the  three  recommendations  made  before  the  formulation  of  the 
permitted  list  of  Food  Inspection  Decision  76  is  not  at  all  diminished 
by  these  sue  lists  published  after  the  announcement  of  that  decision, 
as  is  shown  in  the  following  table: 

Analysis  of  six  lists  published  after  the  issuance  of  F.  I.  D,  76. 


Listof- 

Total  of 

dyes 
wanted. 

Report 

Unlivor- 
able. 

sonphysi 
effect  are- 
Favor- 
able. 

ological 

Contra- 
dictory. 

Physio- 
notre- 

Number 
ofdyes 
wanted 
and  con- 
tained in 
F.  I.  D, 

7a 

Ernst 

88 
7 

31 

40 
4 

21 

9 

15 
7 
9 

15 

1 
11 

10 

45 

4 

Mntt^)H*fl  dww  T 

2 

White  Cross. 

4 
3 
1 
1 

7 
0 

1 
6 

11 
13 

1 
3 

5 

Deythifm  <^nd  Hempel 

6 

Majiufactorer .* 

0 

B«hal 

5 

The  same  wide  differences  of  opinion  as  to  the  four  points  discussed 
on  page  166  not  only  continue  but  are  accentuated. 


Digitized  by 


Google 


ANALYSIS  OF  PERMITTED  COLORS,  1907.  179 

XIV.  CHEHICAL  EXAMnTATION  OF  THE  SEVEN  PERMITTED 

COLOBS,  1907. 

NEBD  OF  CHEMICAL  CONTBOL. 

The  most  striking  thing,  from  the  chemist's  point  of  view,  in  the 
Uterature  relative  to  the  physiological  action  of  coal-tar  colors,  is 
the  almost  universal  absence  of  the  results  of  chemicar examination  or 
identification  of  the  materials  subjected  to  physiological  test.    There 
is  hardly  any  description  or  statement  of  the  strength  or  the  con- 
centration of  the  materials  examined,  or  of  the  amount  or  nature  of 
materials  not  coloring  matter  present  in  the  substances  subjected 
to  these  physiological  tests.     It  is  true  that  some  publications  give 
identification  tests,  but  few  assert  the  identity  of  the  material 
subjected  to  certain  physiological  tests,  with  the  description  so  given. 
The  need  for  some  such  chemical  control  as  to  identity  and  quality 
must  be  apparent  to  all  having  experience  with  the  commercial 
varieties  or  grades  of  coal-tar  colors.     Many  of  these  commercial 
brands  of  coal-tar  colors  contain  added  coloring  matter  other  than 
the  principal  constituent  for  the  purpose  of  correcting  some  defect 
unavoidably  arising  during  the  manufacture.    Where  those  com- 
mercial brands  are  sold  for  textile  and  other  manufacturing  purposes 
there  is  no  valid  objection  to  such  practice,  because  in  such  uses  the 
tinctorial  properties  and  effects  of  the  commercial  brands  are  the  things 
the  buyers  desire  and  pay  for,  and  the  exact  nature  of  the  materials 
accomplishing  the  results  is  in  reality  of  secondary  importance; 
but  when  coal-tar  colors  are  to  be  used  in  foods,  and  in  addition  to 
tinctorial  effect  the  absence  of  any  physiological  action  is  necessary, 
it  is  at  least  of  doubtful  propriety  to  market  such  corrected  or  adjusted 
brands  unless  the  correction  or  the  adjustment  be  made  with  harmless 
colors. 

There  are  a  few  instances  in  the  relevant  Uterature  where  it  was 
attempted  to  explain  the  different  results  attained  by  observers  by 
the  difference  in  the  composition  of  the  materials  subjected  to  physio- 
logical test,  and  there  are  other  instances  showing  the  difficulties 
encountered  in  obtaining  specimens  of  coal-tar  colors  which  would 
always  give  favorable  physiological  result. 

The  variation  in  composition  of  coal-tar  colors  may  be  exemplified 
by  the  following  excerpts  from  the  literature: 

1.  Weyl  (p.  91),  discussing  the  differences  between  his  results  and 
those  of  Cazeneuve  and  Lupine  with  Naphthol  Yellow  S,  states  as 
follows: 

It  18  to  be  noticed,  however,  that  Cazeneuve  and  Lupine  state  that  the  Naphthol 
Yellow  U8ed(Jaune  NS)  was  difficultly  soluble,  so  that  they  probably  experimented 
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with  anotiier  substance .  My  own  investigations  were  made  on  dogs  with  a  prepazatioo 
for  which  I  am  indebted  to  the  kindness  of  Dr.  G.  Schultz,  of  the  Aniline  Manufactur- 
ing Co.  of  Berlin.    It  was  purified  by  precipitation  and  recrystallization. 

2.  Fraenkel  (p.  678)  expresses  the  opinion  that  the  harmful  results 
observed  with  Metanil  Yellow  (95  of  the  Green  Tables)  may  be  duo  to 
diphenylamin  contained  in  the  color,  which  diphenylamin  may  be 
a  decomposition  product  of  the  Metanil  Yellow,  particularly  since,  as 
Weyl  states  (p.  ISO),  it  *'smelled  strongly  of  diphenylamin." 

3.  Pfeffer  (  Unterachwngen  aus  dem  Botaniachen  Institut  zu  Tuebin^ 
gen.  Vol,  II,  p.  186)  says: 

In  repeating  my  experiments  I  beg  that  it  be  considered  that  differences  in  obeerva- 
tion  may  be  caused  by  the  quality  of  the  coloring  matters.  For  quite  apart  from  the 
&ct  that  the  coloring  matters  are  in  part  variable  mixtures  of  various  compounds,  and 
not  infrequently  contain  foreign  admixtures,  the  quality  of  the  goods  brought  into 
market  may  change  from  time  to  time.  Thus  fcnmerly  magenta  was  the  acetate, 
whereas  to-day  it  is  the  hydrochlorid.  Also  foreign  admixtures  may  be  poisonous  or 
may  exert  no  influence  on  the  abeorpticm  of  color. 

4.  Stilling  {ArcUv.  Exper,  Path,  PJuirm,,vol  28, 1891,  p.  S62)  says: 

With  respect  to  the  blue  pyoctanin,  I  have  during  the  entire  time  been  engaged 
in  ascertaining  the  most  effective.  The  things  marketed  by  E.  Merck  as  P.  coeruleum 
have  therefcM^  now  become  uniform  and  homogeneous,  which  could  not  be  the  case 
at  the  beginning.  The  P.  coeruleum  now  furnished  by  E.  Merck  is  the  hydrochlorid 
of  pure  hexamethylpararosanilin. 

The  variable  degrees  of  purity- attained  by  products  of  this  kind 
on  the  market  was  apparently  the  first  cause  of  the  prohibition  by 
the  German  Government  of  the  coal-tar  color  known  as  Corallin  for 
use  in  food  products — ^not  because  Corallin  itself  was  harmful,  but 
because  in  the  manufacture  of  this  product  it  was  so  apt  to  retain  im- 
purities which  in  and  of  themselves  produced  bad  effects,  so  that  this 
particular  color  was  specifically  excluded  by  the  German  Government. 

In  a  few  cases  it  is  stated  that  the  substance  subjected  to  physio- 
logical test  had  been  purified,  but  these  descriptions  are  hardly  such 
as  to  enable  others  to  arrive  at  substantially  the  same  result  with 
reasonable  certainty. 

6.  Stilling  in  his  monograph  entitled  Anilin  Farbstoffe  als  Anti- 
septica  (Strassburg,  1890,  Pt.  I,  p.  16)  says: 

The  foregoing  (relative  to  the  action  of  Methyl  Violet  on  the  eyes  of  rabbits)  holds 
only  for  pure  substances.  Many  anilin  colors  of  otherwise  very  antiseptic  properties 
are  contaminated  with  arsenic,  particularly  the  otherwise  useful  Ethyl  Violet.  With 
such  substance  serious  poisonings  and  death  can  be  produced  in  experimental  animab. 

6.  StUlmg  in  Part  II  of  the  same  monograph,  pages  6  and  6,  says: 

Such  substances  (coal-tar  coIchts)  must  be  chemically  pure  and  can  not,  for  example, 
be  any  mixture  of  various  blue  or  violet  dyes.  There  is  therefore  a  great  diffaence 
whether  a  substance  be  tested  only  bacteriologically  or  also  in  addition  physiologicaUy 
and  therapeutically.  Two  preparations  may  be  antiseptically  wholly  equal,  but  the 
one  preparation  may  contain  harmful  admixtures  which  produce  violent  izritatioos. 
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7.  Thus  Weyl,  speaking  of  his  Metanitrazotin  (p.  liO),  describes 
the  purification  method  as  follows: 

It  is  diasolved  in  wann  alcoholic  solution  of  sodium  hydroxid  filtered  and  precipi- 
tated with  hydrochloric  acid.  The  precipitate  is  freed  from  the  adhering  liquid  by 
the  aspirator  and  washed  with  hot  water. 

8.  Weyl  says  of  his  Metanil  Yellow  (p.  ISO): 

For  purification  the  color  was  dissolved  in  water  filtered  and  separated  by  the 
addition  of  sodium  acetate.  The  yellow  mass  was  freed  from  the  adherent  liquid  by 
the  filter  pump  and  dissolved  in  hot  alcohol,  in  which  it  is  difficultly  soluble,  and 
obtained  from  this  in  the  form  of  yellow  crystals.  The  material  used  for  the  experi- 
ment was  almost  pure,  as  the  following  analytical  statement  shows:  0.4895  gram  of 
the  color  dried  in  105^  gave  0.084  sodium  sulphate.  Sodium  required,  6.1;  found,  6.6. 
(Note. — ^This  amounts  to  91.8  per  cent  of  theory,) 

9.  Weyl  (Zte.  Hygiene,  18R9,  Vol.  II,  p.  S4,  On  Safranin 
Poisoning)  describes  the  difficulties  he  had  in  obtaining  safranin  on 
the  market  that  was  clean  or  pure;  all  preparations  were  free  from 
arsenic,  and  contained  small  amounts  of  iron,  chlorin,  and  traces 
of  chromium.  In  one  specimen  the  ash  amounted  to  4.8  per  cent. 
The  theoretical  percentage  of  nitrogen  in  pure  safranin  is,  according 
to  Weyl,  15.3  per  cent;  in  two  commercial  products  he  foimd  12.7 
and  12.3  per  cent,  respectively  (83  and  80.4  per  cent  of  theory); 
he  recrystallized  the  specimen  containing  12.7  per  cent  twice  from 
dilute  hydrochloric  acid;  the  first  recrystallization  produced  a  speci- 
men containing  13.8  per  cent  (90.2  per  cent  of  theory)  of  nitrogen; 
the  second  recrystallization  produced  a  substance  containing  14 
per  cent  (91.5  per  cent  of  theory)  nitrogen. 

10.  CUopin  in  his  book  (p.  110)  says: 

Nevertheless,  each  dye  was  tested  by  me  personally  with  the  usual  reagents  and 
the  dyeing  of  ^bric  in  order  to  avoid  the  confounding  of  one  dye  with  another.  I 
convinced  myself,  from  my  experience,  that  not  only  druggists  but  the  home  offices 
of  the  makers  occasionally  send  dyes  which  do  not  correspond  to  the  requirements 
and  resemble  them  only  in  name. 

(Page  114.)  All  the  dyes,  which  according  to  my  experiments  proved  to  be  pois- 
(Hious,  were  carefuUy  examined  for  contents  of  arsenic,  chromium^  and  injurious . 
metals,  and  were  found  to  be  free  from  these  admixtures. 

FIBST  METHODS  OF  ANALYSIS  USBD. 

In  the  summer  of  1907  there  were  on  the  United  States  market  30 
different  specimens  of  the  seven  permitted  colors  of  Food  Inspection 
Decision  No.  76.  A  chemical  examination  of  those  30  specimens 
would  disclose  the  qualitative  conditions  of  the  market  so  far  as 
these  seven  permitted  colors  were  concerned,  and  it  was  expected 
tliat  certain  limits  for  standards  of  cleanliness  would  be  fixed  by 
such  an  examination. 
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In  examining  these  30  specimens  of  the  seven  permitted  colors 
chemically  the  following  determinations  were  made: 

1.  Moisture. 

2.  Chlorin  as  chlorids. 

3.  Sulphated  ash,  together  with  its  iron,  aluminum,  calcium,  and  copper  content, 
and  the  determination  of  the  sulphuric  acid  in  the  sulphated  ash. 

4.  Total  sulphur. 

5.  Gutzeit  test  (test  17  of  the  United  States  Pharmacopoeia,  eighth  revision). 

6.  Heavy  metals  test  (test  121  of  the  United  States  Pharmacopoeia). 

7.  Total  insolubles,  together  with  the  determination  of  the  proportion  that  is  vola- 
tile on  ignition. 

8.  Ether  extractive. 

The  methods  of  analysis  actually  used  on  these  30  dye  specimens 
are  here  given  solely  for  the  purpose  of  comparing  them  with  the 
methods  developed  therefrom  and  presented  beginning  with  page  210. 
Experience  has  shown  that  the  methods  here  given  are  defective  in 
many  particulars,  and  therefore  they  are  not  to  be  used  for  exact 
work. 

MOISTURE. 

Dry  a  sample  of  each  color  weighing  3  grams  at  106*?  to  108®  C.  for  two  hours.  TTic 
loss  in  weight  is  assumed  to  be  moisture. 

This  method  is  not  wholly  accurate  in  the  case  of  Naphthol  Yellow,  nor  is  it  accu- 
rate in  the  case  of  Amaranth;  but  the  scarcity  of  material  made  it  seem  unwise,  at 
this  stage,  to  undertake  any  extended  investigation  as  to  the  amount  oi  nature  of  the 
heating  required  surely  to  expel  all  moistiu^.  The  results,  therefore,  while  not  as 
accurate  as  might  be  desired,  are,  for  the  purposes  of  this  exploratory  invest^Uom, 
sufficiently  accurate  for  the  object  for  which  they  were  undertaken. 

CHLOBIN   AS   CHLOBIDS. 

Gently  heat  samples  weighing  0.1  gram  with  2  grams  of  sodium  carbonate,  and  after 
destroying  the  greater  part  of  the  organic  matter  add  0.1  gram  of  powdered  potassium 
nitrate  and  gently  heat  the  whole  until  the  organic  matter  is  entirely  destroyed. 
After  cooling  treat  the  whole  with  small  amounts  of  cold  water  and  remove  firom  the 
crucible;  effect  the  solution  of  the  whole  by  gently  heating.  After  cooling  bring  the 
bulk  to  about  150  cc,  cool  to  room  temperature,  slightly  acidify  with  nitric  acid,  pre- 
cipitate the  chlorin  with  silver  nitrate,  and  weigh  as  silver  chlorid. 

SUI.PHATED   ASH. 

Moisten  half -gram  samples  with  concentrated  sulphuric  acid,  gently  evaporate  to 
dryness,  and  treat  the  residue  with  5  cc  of  concentrated  sulphuric  acid  and  again 
evaporate  to  dryness;  repeat  the  operation  until  a  white  ash  results,  when  the  whole 
is  ignited  to  constant  weight.  After  weighing  take  up  the  sulphated  ash  in  boiling 
water  (and  if  necessary,  any  undissolved  material  can  be  taken  up  with  hydrochloric 
acid  by  treatment  on  a  boiling-water  bath.)  Mix  the  two  solutions  and  bring  to  a 
total  volume  of  200  cc.  In  one  half  thereof  determine  the  contained  sulphur  by  a 
precipitation  with  barium  chlorid,  and  weigh  as  barium  sulphate;  in  the  other  half 
determine  iron  and  aluminum  by  precipitation  with  ammonia,  ignite  and  weigh  as 
ferric  and  aluminum  oxid.    No  separation  of  any  contained  aluminum  was  under- 
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taken  in  the  filtiate  from  the  iron;  the  lime  was  precipitated  as  oxalate.  In  the  only 
case  ih&t  copper  was  encountered  it  was  precipitated  as  sulphid  before  taking  out  tlie 
iron  or  the  calcium. 

TOTAL  SULPHUB. 

Mix  0.2  gram  of  the  sample  with  4  grams  of  sodium  carbonate  and  0.5  gram  of  potassium 
nitrate,  and  ignite  to  complete  the  destruction  of  the  organic  matter;  take  up  in  hot 
water;  acidify  with  hydrochloric  acid  and  precipitate  the  sulphur  as  barium  sulphate 
with  barium  chlorid. 

GUTZBIT  TEST. 

Mix  2  grams  of  the  substance  with  2  grams  of  a  mixture  of  1  part  of  potassium  nitrate 
and  5  parts  of  sodium  carbonate  and  ash  in  a  porcelain  crucible  over  a  low  flame;  if 
not  white  when  cool,  mix  the  ash  with  1  gram  of  potassium  nitrate  and  again  ash  over 
a  low  flame.  Generally  the  second  ashing  is  sufficient.  Dissolve  the  residue  in  50 
cc  of  hot  water,  boil,  filter,  neutralize  with  dilute  sulphuric  acid,  and  evaporate  to 
substantial  dryness  on  a  boiling-water  bath.  Then  add  1  cc  of  concentrated  sulphuric 
add  and  dry  over  a  Bunsen  flame;  take  up  the  residue  with  5  cc  of  distilled  water 
containing  0.5  cc  of  concentrated  sulphuric  acid  and  10  cc  of  a  saturated  solution  of 
sulphurons  acid;  evaporate  the  whole  to  a  bulk  of  5  cc  on  a  water  bath;  add  20  cc  of 
8  per  cent  hydrochloric  acid  and  subject  this  material  to  the  action  of  2  grams  of  metallib 
zinc,  free  firom  arsenic,  which  has  been  so  activized  by  means  of  platinic  chlorid  that 
at  the  end  of  two  hours  more  than  1  gram  of  zinc  has  dissolved  and  the  evolution  of 
gas  has  been  constant  and  continuous.  Conduct  the  reaction  in  a  flask  of  60  cc  capacity 
with  a  neck  1  cm  in  diameter  and  6  cm  long.  After  the  introduction  of  the  solution  and 
the  zinc  into  the  flask,  stopper  the  neck  of  the  bottle  with  gauze,  the  lower  half  of 
which  is  dry  and  the  upper  half  moistened  with  the  test  solution  of  lead  acetate  of 
the  United  States  Pharmacopoeia.  After  carefully  wiping  the  lip  of  the  flask,  cover 
it  with  Schleicher  &  SchtUl  quantitative  filter  paper  which  has  been  saturated  three 
times  with  alcoholic  mercuric  chlorid  solution,  with  complete  drying  between  each 
saturation  on  one  and  the  same  spot  of  the  filter  paper. 

In  the  case  of  Naphthol  Yellow  S  it  is  necessary  to  heat  gently  with  10  grams  of 
sodium  carbonate  until  the  organic  matter  is  substantially  all  destroyed,  then  add 
1.5  grams  of  potassium  nitrate  and  heat  to  complete  destruction  of  the  organic  matter. 
Dissolve  the  fused  mass  in  hot  water  and  a  few  drops  of  fifth-normal  sulphuric  acid; 
then  make  distinctly  acid  with  the  same  and  add  an  excess  of  1  cc  of  concentrated 
sulphuric  add;  evaporate  first  on  the  water  bath  and  afterwards  on  asbestos  until  all 
odor  of  nitious  fumes  and  of  hydrochloric  acid  has  disappeared.  Take  up  the  residue 
in  5  cc  of  water  and  15  cc  of  a  saturated  solution  of  sulphurous  acid  in  water.  Heat 
the  whole  on  the  water  bath  until  no  odor  of  sulphur  dioxid  remains. 

The  preparation  of  the  sample  by  ignition  with  carbonate  and  nitrate  should  not 
be  done  in  platinum,  but  should  be  done  in  a  porcelain  crucible,  since  it  has  happened 
^t  as  much  as  0.05  mg  of  arsenic  mixed  with  the  dye,  which  had  been  fused  in 
platinum  with  carbonate  and  nitrate,  could  not  be  detected  on  the  mercury-chlorid 
paper,  whereas  0.01  mg  when  similarly  treated  in  porcelain  could  always  be  detected, 
and  0.005  mg  would  usually  be  found  when  done  in  porcelain. 

HEAVY  METALS. 

Mix  as  much  of  the  substance  as  approximately  contains  1  gram  of  color  with  10 
tames  its  weight  of  carbonate  of  soda  and  ignite  with  the  addition  of  0.5  gram  of  potas- 
num  nitrate.    Dissolve  the  whole  in  water,  any  undissolved  material  being  taken  up 
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with  hydrochlcnic  acid,  bring  the  two  solutionB  togethw  and  slightly  acidify  with 
hydrochloric  acid;  dilute  to  100  cc;  place  10  cc  in  a  teet  tube  of  40  cc  capacity  and 
warm  to  50^  C.  in  a  water  bath;  add  10  cc  of  a  freshly  prepared  saturated  atdution  d 
hydrogen  sulphid  in  water,  stopper  the  test  tube  well  and  allow  the  whole  to  stand 
in  water  having  a  temperature  of  35^  C.  for  a  half  hour.  Dilute  a  3.3  cc  portion  to  10  cc, 
treat  as  before  with  10  cc  of  hydrogen  sulphid  in  water  for  one-half  hour  at  35^  C,  and 
add  to  each  ammonium  hydrate. 

TOTAL  INSOLUBLES. 

Dissolve  1  gram  of  the  substance  in  1  liter  of  water,  filt»  throu^  counterpoised 
quantitative  filters,  and  wash  with  hot  water  until  all  traces  of  color  are  renaoved 
from  the  filter  paper,  then  dry  at  100^  0.  to  constant  weight  and  weig^;  report  the 
weight  as  total  insolubles.  Ignite  the  total  insolubles  in  a  platinum  crucible  and  report 
the  residue  remaining  as  nonvolatile  insolubles. 

ETHEB  EXTRACTIVE. 

Two  methods  were  employed,  the  one  consisting  in  direct  extraction  of  the  sub- 
stance in  a  Soxhlet  apparatus  by  means  of  redistilled  ether  dried  over  sodium. 
Schleicher  &  SchQll  extraction  cartridges  were  used  aft^  they  had  been  thoroughly 
extracted  by  ether  and  shown  by  examination  that  they  yielded  no  extractive  to 
ether  whatever.  This  is  a  necessary  precaution,  because  the  amount  of  ether  extrac- 
tive matter  in  these  cartridges  varies.  The  amount  of  ether  extractive  was  determined 
by  driving  off  the  ether  over  a  32-candlepower  incandescent  lamp,  finally  drying  and 
cooling  in  a  desiccator. 

This  method,  however,  is  not  satisbctory,  since  the  results  it  gives  are  undoubtedly 
low  and  it  seems  that  the  higher  the  material  was  dried  the  more  erratic  were  the 
results.    Therefore  the  following  method  was  used : 

Disolve  1  gram  of  the  sample  in  100  cc  of  water;  add  0.5  gram  of  sodium  acetate; 
extract  three  times  with  50  cc  of  ether  in  a  separatory  funnel;  mix  the  ether  so  recov- 
ered with  10  cc  of  water;  separate  the  ether  and  dry  with  fused  calcium  chlorid;  let 
stand  from  12  to  24  hours;  pour  off  from  the  calcium  chlorid;  distil  off  the  ether  as 
in  the  preceding  method;  acidify  the  color  solution  containing  sodium  acetate  with 
1  cc  concentrated  hydrochloric  acid;  extract  three  times  with  50  cc  of  ether,  and 
proceed  as  before. 

BBSULTS  OF  CHEMICAL  EXAHINATIOK,  1907. 

DETAILED  CHEMICAL  DATA   ON   EACH  PERMITTED  COLOR. 

The  results  of  this  examination  are  given  in  the  following  tabula- 
tions under  the  respective  Green  Table  numbers;  the  serial  num- 
bers refer  to  the  numbers  assigned  to  the  specimens  as  they  were 
received.  The  abbreviations  "p."  and  *'n.  p."  opposite  "Gutzeit 
test/'  and  '* Heavy  metals  test"  stand  for  "pass/'  and  *'not  pass/' 
respectively,  according  as  the  specimen  did  or  did  not  comply  with 
those  requirements;  the  entries  opposite  ''Ratio/'  indicate  the  degree 
of  concordance  of  the  sulphated  ash  as  weighed,  and  the  contained 
SOg  calculated  back  to  sodium  sulphate  and  is  a  measure  of  the  accu- 
racy or  dependability  of  the  sulphated  ash  item  and  its  determinatioiL 
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A^  a  guide  in  ascertaining  the  conformity  of  these  colors  to  their  supH 
posed  standards  when  judged  by  the  analytical  data  obtained,  the 
following  table  may  of  service: 

J^erceniages  of  sulphur,  sodium,  and  sulphated  ash  properly  belonging  to  each  of  the  seven 

permtUed  colors. 


Green 

Table 

No. 


4 
66 
85 
107 
435 
517 
002 


Name  of  colors. 


Naphthol  Yellow. 

PonoeaaSR 

Orangel 

Amaranth 

Light  Qreen 

Erythrosin 

Indigotin 


Sulphur. 


8.96 
12.97 

9.16 
15.92 
11.12 

13.75 


Sodimn. 


12.87 
9.33 
6.58 

11.44 
8.31 
5.24 
9.80 


Sul- 
phated 


39.73 
28.80 
20.31 
35.32 
25.64 
16.17 
30.52 


» lodta  in  No.  517-67.7  per  cent. 
Detailed  analytical  data  obtained  on  several  samples  of  each  of  the  permitted  colors  (per  cent), 

GREEN  TABLE  NO.  4.  NAPHTHOL  YELLOW  S. 


Determinations. 


Serial  Nos. 


23. 


73. 


108. 


142. 


187. 


IfoiStUIB. 

NaCl 

NaasNaCl 

Sulphated  ash: 

AlandFe 

Ca. 

Na^04 

SOs  In  Na^04-Na^04. 

Ratio 

NaasNatS04 

Total  sulphur 

Gatseittest. 

Heavy  metals  test 

Total  inaolubles. 

Nonvolatile. 

Volatile 

Acetate  ether  extract ..  . 

Acid  ether  extract 

Total  ether  extract. 

Ether  extract  solid 


a70 
6.73 
2.65 

.07 
.04 
3&00 
38.18 
100.3 
12.32 
8.72 
n.p. 

"•& 

.03 
.02 
.34 
.98 
L32 
.062 


0.28 
3.47 
L37 

.07 

None. 

48.8 

49.57 

101.6 

15.82 

9.47 

n.p. 

n.p. 

None. 

None. 

None. 

.15 

.90 

1.05 

.042 


0.28 
1.C2 
.40 

.07 

None. 

47.1 

47.32 

100.5 

15.46 

12.63 

n.p. 

n.p. 

None. 

None. 

None. 

.14 

.70 

.84 

.04 


0.60 
.61 
.24 

.07 

None. 

51.4 

51.76 

100.7 

16.66 

12.42 

n.p. 

n.p. 

None. 

None. 

None. 

.16 

.75 

.91 

.03 


0.33 
2.86 
1.18 

.28 

None. 

49.2 

49.44 

100.5 

15.95 

12.32 

n.p. 

°;& 

None. 
.05 
.10 
.32 
.42 
.022 


Determinations. 


Serial  Nos. 


201. 


228. 


272. 


Moistiiie 

NaCl 

NaasNaCl 

Bnlphated  ash: 

AlandFe 

Ca. 

Na«S04 

SOs  hi  Na^04-Na«S04. 

Ratio 

NaasNadB04. 

Total  sulphur. 

Ontzeittest 

Heavy  metals  test 

Total  tasolubles 

Nonvolatile 

Volatile 

Acetate  ether  extract  I II II " 

Acid  ether  extract 

Total  ether  extract. 

Sther  extract  solid 


0.60 
23.67 
9.31 

.21 
.03 
49.20 
49.75 
101.1 
15.  P5 
6.35 
n.p. 


.20 
.10 
.14 
.33 
.47 
.10 


aoo 

4.08 
L61 

None. 

None. 
53.10 
53.76 

101.3 
17.22 
12.56 
n.p. 

"Si 

None. 
80 
.25 
L08 
L33 
.004 


a32 
2.86 
L13 

.07 

None. 

55.60 

56  45 

101.5 

ia03 

13.42 

n.p. 

°;fi 

.10 
.02 
.08 
.90 
.98 
.13 


2.12 
8.26 
1.28 

.07 
None. 
45.60 
45.80 
100.4 
14.79 
10.50 
p. 

"•& 

None. 
.90 
.15 
.72 
.87 
.04 


9.07 
9.39 
3.70 

.07 

.07 

40.20 

40.14 

13!  03 

7.55 

p. 

lS) 

.04 
1.16 
.10 
.77 
.87 
.02 
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Detailed  (malytiedl  data  obtained  on  several  samples  of  eath  of  the  permitted  oolorm  (par 

cent ) — Continued . 

QREEN  TABLE  NO.  56.    PONCEAU  3R. 


Determinatknis. 


IColstore 

NaCl 

NaasNaCI 

Sulphated  ash: 

Aland  Fe 

Ca. 

Na«S04 

80sinNa^04-Na^04 


Serial 
No.  9. 


6.76 
19.89 
7.84 


None. 
38.10 
88.56 


Determinations. 


Ratio 

NaasNatS04 

Gutseittest 

Heavy  metals  test 

Acetate  ether  extract. 

A  eld  ether  extract 

Total  ether  extract. . . 
Ether  extract  solid. . . 


Ha.  9. 


101.2Q 

12.  as 

P- 

":& 

.ss 
1.11 


OREEN  TABLE  No.  85.    ORANGE  I. 


Determinations. 

Serial  No8. 

Determinations. 

Serial  Nos. 

16. 

224. 

16. 

234. 

Moisture   

11.06 
8.78 
3.18 

.14 
None. 
30.80 
3L18 
101.3 
9.99 

6.39 
3.61 
L38 

.07 

.14 

18.00 

18.09 

100.50 

5.84 

Total  sulphur 

10.12 
p. 

i.Si 

.20 
1.30 
.02 
.20 
.23 
.214 

&M 

NaCI 

Gutzelttest 

n.p. 

NaasNaCI 

Heavy  metals  test 

.fe 

Sulphate  ash: 

Al  and  Fo 

Total  Insolubles 

Nonvolatile..^ 

.20 

Ca. 

Volatile 

.3S 

NatS04 

Acetate  ether  extract 

.«3 

SOi in  Nai804-NasS04.. . . 
Ratio        

Acid  ether  extract 

.30 

Total  ether  extract 

.82 

NaasNai804 

Ether  extract  solid 

.254 

OREEN  TABLE  No.  435.    LIGHT  GREEN  8F  YELLOWISH. 


Determinations. 

Serial  Nos. 

57. 

92. 

168. 

23S. 

Moisture 

8.32 
.041 
.016 

.70 
3.29 
9.00 
7.78 
86.46 
2.92 
11.48 
Tr.(p.) 

None. 
.20 
.02 
.05 
.07 
.026 

5.08 
.102 
.040 

.28 
.00 
43.40 
43.96 
101.30 
14.07 
15.44 
Tr.(p.) 

J- 
.06 
.39 
.02 
.05 
.07 
None. 

5.04 
1.735 
.683 

.14 
.085 
48.00 
46.68 
95.92 
15.56 
15.82 
Heavy. 

.7?- 
.60 
.15 
.06 
.05 
.10 
.02 

4.15 

NaCl       

1.530 

NaasNaa 

Sulphate  ash: 

AlandFe. 

.14 

Ca    

.085 

Na^04 

53.00 

S0iinNaiS0^NaaS04 

53.02 

Ratio 

101.5 

NaasNasS04 

17.19 

Total  sulphur 

16.75 

Gutzelttest 

Heavy. 

Heaw  metals  test 

•-fe 

Total  insolubles 

Nonvolatile 

.00 

Volatile 

.55 

Acetate  ether  extract 

None. 

Acid  ether  extract 

.05 

Total  ether  extract 

.05 

Ether  extract  solid 

.02 

GREEN  TABLE  No 

107.    AMARANTH. 

Determhiations. 

Serial  Nos. 

82. 

96. 

130. 

162. 

177. 

219. 

Moisture 

4.24 
38.91 
15.32 

.14 

.216 

65.20 

66.50 

6.46 
12.79 
5.04 

.07 

.867 

53.20 

55.60 

6.23 
36.79 
14.10 

.14 

.93 

59.80 

60.30 

9.81 
25.39 
10.00 

.42 

.428 

48.80 

40.62 

4.20 
28.45 
11.21 

.42 

.428 

6a  00 

6L26 

&24 

NaCl 

2121 

Na  as  NaCl 

9.54 

Sulphate  ash: 

i\.landFe 

.21 

Ca 

.57 

Na«804 

49.80 

SO«lnNaiS04-Na«S04 

6a  73 
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Detailed  andUftieal  data  obtained  on  several  samples  of  each  of  the  permitted  colors  (per 

cent ) — Continued . 

OREEN  TABLE  No.  107.    AMARANTH-Contlnned. 


Determinations. 

Serial  Nos. 

82. 

96. 

180. 

162. 

177. 

219. 

Ratio 

102.00 

21.13 

8.62 

None. 

n.p. 

.12 
.18 
.08 
.07 
.15 
.024 

100.80 
17.22 
13.02 
None. 
n.p. 

1.10 
.40 
.15 
.16 
.80 
.062 

100.80 

19.39 

8.67 

None. 

n.p. 

1.10 
.95 
.18 
.15 
.83 
.062 

101.6 

16.82 

9.42 

.09 

n.p. 

.36 
.70 
.20 
.08 
.23 
.040 

102.1 

19.46 

11.09 

None. 

n.p. 

.36 
.55 
.02 
.03 
.05 
.044 

101.9 

NaasNadBOf 

16.14 

Total  snlpliur 

8.54 

Copper.  -  r 

None. 

Outxeit  teat , 

n.p. 

^85 

Heavy  metfds  teat 1 

Total'insohibies 

Nonvolatile 

1.15 

Volatile 

1.25 

Aoetate  ether  extract 

.80 

Acid  ether  extract 

.10 

Total  ether  contract 

.40 

Ether  extract  solid 

.054 

OREEN  TABLE  NO.  617.    ERYTHROSTN. 


Determinations. 

Serial  N««. 

184. 

200. 

216. 

254. 

Moistnre 

9.6 

Solphated  a^Oi: 

AlandFe 

0.14 
None. 
39.00 
39.44 
12.66 
p. 

.6?- 
.04 
.56 
.80 

a  14 
None. 
35.69 
3&44 
11.52 
n.p. 

.S) 

None. 
.20 
.85 

.14 
None. 
31.80 
82.46 
ia40 
p. 

.& 

.20 
.45 
.10 

0.2S 

Ca 

No  ne 

NaiSO* 

SO,inNai804-Nai804 

Naa3NatS04 

26.4 
26.8 
8.56 

Quteeittest 

p. 

HAAvy  mi^talff  twt 

io 

Total  Insolables 

Nonvolatile 

.20 

Volatile 

.70 

Acetate  ether  extract 

.10 

Total  ether  extract 

Bther  extract  solid 

.024 

.07 

.02 

.02 

OREEN  TABLE  NO.  602.    INDIOO  DI8ULPHO  ACID. 


Determtnatlons. 

Serial  Nos. 

Determinations. 

Serial  Nos. 

90. 

195. 

249. 

90. 

195. 

240. 

Moisture. 

7.25 
7.02 
2.77 

.42 

.57 

26.20 

28.74 

102.10 

&50. 

5.32 
28.66 
11.29 

.28 

.14 

6&40 

66.64 

102.20 

17.97 

7.31 
7.02 
2.77 

.56 

.71 

26.60 

27.36 

102.8 

8.G3 

Total  solphar 

ia30 

.56 
1.05 
.02 
.05 
.07 
.002 

laao 

'!^^' 

None. 
.80 
.02 
.10 
.12 
.014 

iao9 

NaCl 

Quueit  test 

p. 

NaasNaa 

Heavy  metals  test 

Total  insoiubles 

P(n 

1.15 

Stdphated  ash: 

AlandPe 

Nonvolatile 

.50 

Ca 

Volatile 

.65 

NaiS04 

Acetate  ether  extract 

Acid  ether  extract 

Total  ether  extract 

Ether  extract  solid 

.02 

80,  in  Nat804-Nat 
804 

.08 
.05 

Rttio.!:::: :;;:   : 

.02 

NaasNasS04 

REGALOULATION  OF  ANALYTICAL  DATA  ON  BASIS  OF  COLOBINO 
MATTER  PRESENT. 

The  difficulties  in  the  way  of  translating  these  analytical  data  into 
proximate  constituents  are  so  great,  in  so  many  of  the  cases,  as  to 
make  any  attempts  to  obtain  practical  results  in  that  way  absolutely 


Digitized  by 


Google 


188 


GOAL-TAB  00L0B8  XJSBD  IK  POOD  PEODUCTS. 


tiseless;  the  amount  of  material  on  hand  was  unfortunately  so  small 
at  the  beginning  (2  oimces  or  less,  in  most  instances)  that  the  utmost 
economy  of  material  was  necessary  to  get  the  data  reported,  on 
account  of  the  large  amoimt  of  material  needed  in  the  exploratory 
work  done  in  trying  out  the  methods  for  determining  msenic,  heavy 
metals,  and  ether  extractives. 

In  the  arsenic  test  the  coloring  matter,  as  a  whole,  was  considered, 
and  no  attempt  was  made  to  get  at  the  actual  amount  of  real  coloring 
matter  in  the  exact  weights  of  the  material  as  a  whole,  used  for  such 
examination,  and  consequently  the  results  are  not  translatable  into 
actual  weights  of  real  color  used.  It  is  obvious  that  if  2  grams,  or 
other  weight  of  the  substance  as  a  whole,  failed  to  pass  any  test  when 
the  whole  amoimt  was  considered  as  though  it  were  all  color,  the 
material  could  not  possibly  have  passed  those  tests  if  amounts  thereof, 
corresponding  to  the  prescribed  weights  of  actual  color  used,  were 
taken;  also  it  is  clear  that  if  the  sample,  as  a  whole,  passed  a  given 
test,  at  a  given  weight  thereof,  it  would  not  necessarily  have  passed 
that  test  had  an  amount  thereof,  corresponding  to  that  same  weight 
of  actual  color,  been  used. 

The  amount  of  actual  or  real  coloring  matter  in  27  of  these  30 
specimens  is  not  greater  than  shown  in  the  following: 

Per  cent  ofaUvdl  coloring  matter  in  f7  eamplee. 


Name  of  color. 


Sertal 
No. 


Pwcent. 


Serial 
No. 


Par  cent. 


NaphtholToDowS 

PoooeaaSR 

Orange  I 

Amaranth. 

Light  Qreen  8F  Yellowish 

Errthrosin 

Inoigo  Disulpho  Acid 


73 
108 
142 
187 
9 
16 
82 
06 
130 
67 
02 
216 
90 
195 


01.20 
06.20 
07.86 
07.88 
06.34 
73.24 
78.44 
66.40 
78.06 
66.60 
01.37 
04.30 
89.66 
84.11 
66.10 


301 

aoo 

228 
272 


75.66 
n.10 
06.73 
0181 
70.47 


224 

88.71 

163 

63.52 

177 

66.40 

219 

64.26 

168 

02.37 

238 

98.82 

240 

84.47 

In  order  to  make  these  analytical  results  comparable  among  them- 
selves and  with  other  analytical  results  later  to  be  given,  the  items 
common  salt,  volatile  and  nonvolatile  insolubles,  total  insolubles, 
acetate  ether  extract,  acid  ether  extract,  and  total  ether  extract  of 
the  preceding  tabulations  have  been  recalculated  in  parts  per  100 
of  actual  or  real  coloring  matter  as  just  enumerated: 
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Analytiocd  data  recalculated  to  parts  per  hundred  of  coloring  matter  present, 
GREEN  TABLE  NO.  4.    NAPHTHOL  YELLOW  8. 


Detenninatioiis. 

Serial  No8. 

23. 

73. 

108. 

142. 

187. 

201. 

209. 

228. 

272. 
3.51 

280. 

CvPT^^fix  salt. 

7.38 

3.64 

1.04 

0.62  {  2.97 

31.  fB 

4.38 

2.99 

11.82 

iDsolubles: 

Volatfle 

.02 
.03 

.00 
.00 

.00 
.00 

.00 
.00 

.05 
.00 

.13 
.27 

.86 
.00 

.02 
.10 

.97 
.00 

1.46 

Nonvolatile 

.05 

TotaL 

.05 

.00 

.00 

.00       .05 

.40  1    .80 

.12 

.97 

1.61 

Ether  extract: 

Acetate 

.37 
1.07 

.16 
.95 

.14 
.72 

.16 
.77 

.10 
.33 

.19 
.44 

.27 
1.16 

.08 
.94 

.16 
.78 

.13 

Acid 

.97 

Tn^\  .,_  

1.44 

1.11 

.86 

.93 

.43 

.63 

1.43 

1.02 

.94 

1.10 

QREEN  TABLE  NO.  66.    PONCEAU  3R. 


Detennlziatkms. 

Serial  No. 
9. 

Determinations. 

Serial  No. 
9. 

Common  salt. 

27.16 

Ether  extract: 

Acetate 

losolables: 

0.38 

Volatile 

Acid 

1.18 

Nonvolatile 

TotaL 

1.61 

OREEN  TABLE  NO.  85.    ORANGE  I. 


Serial  No8. 

Determinations. 

Serial  Nos. 

Determlnatlona. 

16. 

224. 

16. 

224. 

Ccmmon  salt     . 

11.19 

3.91 

Ether  extract: 
Acetate 

0.02 
.25 

0  09 

Insoluble* 

L66 
.25 

.39 
.23 

Acid 

.21 

VnUktntk 

TotaL 

Nonvolatile 

.27 

.03 

Total 

L91 

.62 

GREEN  TABLE  NO.  107.    AMARANTH. 


Determinations. 

StfialNos. 

82. 

96. 

130. 

162. 

177. 

219. 

Common  salt. 

68.89 

16.20 

64.37 

39.97 

42.86 

87.39 

iDsolnbtos: 

Volatile 

.32 
.21 

.51 
L39 

L71 
L98 

LIO 
.65 

.83 
.64 

LOS 

Nonvolatile 

1.78 

TotaL 

.63 

L90 

8.69 

1.65 

1.87 

8.71 

Ether  extract: 

Acetate 

.14 
.12 

.19 
.19 

.32 
.27 

.81 
.06 

.08 
.06 

.46 

Add..  . 

.16 

Tota 

.26 

.88 

.60 

.86 

.06 

X  .61 
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Analytical  data  recalculated  to  parts  per  hundred  of  coloring  matter  present — Continued. 
QREEN  TABLE  NO.  435.    LIGHT  QREEN  8F  YELLOWISH. 


DetermiziatloDS. 

Serial  N08. 

67. 

02. 

168. 

233. 

Common mlt.    .,..,  .  .  ... 

0.04 

0.10 

1.88 

1.64 

Insoluble: 

Volatfle 

.22 
.00 

.41 
.00 

.16 
.65 

.38 

Nonvolatile 

.64 

Total 

.22 

.47 

.81 

L02 

Ether  extract: 

Acetate 

.02 
.06 

.02 
.06 

.05 
.06 

.05 

Acid 

.06 

Total 

.07 

.07 

.10 

.10 

GREEN  TABLE  NO. 

617.    ERYTHR08IN. 

Determinations. 

Serial 
No.  210. 

Determinations. 

Serial 
No.  216. 

Ether  extract: 
Acetate 

OlII 

Insoluble: 

0.60 
.22 

Acid 

Volatile 

Total 

NonvolatUe 

.11 

Total 

.72 

GREEN  TABLE  NO.  602.    INDIGO  SULPHO  ACID. 


Detenninations. 

Serial  Nos. 

Determinations. 

Serial  Nos. 

00. 

195. 

249. 

00. 

105. 

240. 

Co?nnion  saH  . . . ,  t  r . 

8.3.5 

44.02 

ft  .11 

Ether  extract: 
Acetate 

0.02 
.06 

0.03 
.15 

,1                1       '           —     -    ; 

0  08 

Insoluble: 

1.25 
.50 

1.23 
.00 

.77 
.50 

Acid 

.04 

Volatile 

Total 

NonvolatUe 

.08 

.18 

.06 

Total 

1.84 

1.23 

L36 

KABKET  QUALITY  OF  THE  SEVEN  PEBMITTED  COLOBS. 

That  the  quality  of  the  lots  of  the  seven  permitted  colors  of  Food 
Inspection  Decision  No.  76  offered  on  the  markets  of  the  world  aft^r 
the  issuance  of  that  decision  was  no  better  than  that  of  the  lots  just 
reported,  if  as  good,  appears  from  the  paper  of  E.  G.  Kohnstamm  enti- 
tled, ''Certified  Food  Colors:  The  Difficulties  in  the  Way  of  then- 
Manufacture,"  presented  to  the  Seventh  International  Congress  of 
AppUed  Chemistry  held  in  London,  May  and  June,  1909,  and  pub- 
lished in  abstract  form.    This  abstract  reads  as  follows: 

The  coal-tar  colors  permitted  under  the  food  and  drugs  act  of  the  United  States  are 
aeven  in  number,  which  must  be  in  a  high  state  of  purity.  The  author  states  that  none 
of  the  colors  on  the  markets  of  the  world,  at  the  time  oi  testing,  would  meet  these 
requirements. 
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Of  theee  seven  colore,  189  samples,  from  every  possible  source,  and  representing  all 
the  leading  manufacturere,  are  here  reported  on,  and  the  results  of  their  examina- 
tion reasonably  establiah  the  necessity  of  food  color  certification.  Of  these  189  sam- 
ples, the  worst  were  offered  for  food  coloring  piurposes  and  seemed  to  be  so  offered 
because  unfit  for  any  other  purpose. 

Naphthol  Yellow  5^.— Sixty-four  samples  examined,  ranging  in  shade  from  clear 
bright  yellow  to  a  dirty  brownish  or  green  color.  All  contained  Martins  Yellow,  some 
more  than  1  per  cent  thereof;  some  contained  as  high  as  2  per  cent  and  even  3  per  cent 
unconverted  initial  material  or  decomposition  products.  Forty-one  contained  exces- 
sive arsenic  and  29  excessive  heavy  metals. 

Orange  I. — ^Twenty-eight  samples  examined;  all  contained  decomposition  products 
varying  from  a  slight  amoimt  to  over  50  per  cent;  free  o'-naphthol  was  foimd  in  most 
samples;  in  12  it  was  as  high  as  2  per  cent;  insoluble  matters  were  as  high  as  1  per  cent; 
lead  to  the  extent  of  0.5  per  cent  was  foimd  in  one  sample;  shading  by  codded  colore 
and  excessive  amoimts  of  arsenic;  lead  and  iron  were  frequent. 

AmoBTOfdh. — ^Thirty-eight  samples  examined;  none  were  pure,  and  all  contained 
arsenic  in  excessive  amoimts,  and  in  one  case  as  high  as  0.1  per  cent;  all  contained 
added  color,  principally  an  acid-violet.  Iron  as  high  as  0.1  per  cent;  insoluble  matter 
as  high  as  1}  per  cent;  was  most  heavily  loaded  with  salt  of  all  seven  colore. 

Ponceau  SR. — Thirty-six  samples  examined;  the  purest  of  all  colore  tested;  not 
toned;  heavily  loaded  with  salt;  much  insoluble  matter  was  present;  decomposition 
products  were  absent;  iron,  0.01  per  cent;  12  contained  excessive  amoimts  of  arsenic 
and  14  contEkined  excessive  amounts  of  heavy  metals. 

Erythrosin, — ^Twelve  samples  examined;  10  were  not  erythrosin  at  all;  of  the  other 
two,  one  was  low  in  iodin  and  one  contained  arsenic. 

Light  Green  S  F  Yellotoish. — ^Thirteen  samples  examined;  only  one  free  from 
areenic;  nine  contained  lead  or  copper;  one  contained  manganese;  none  were  loaded. 

Indigo  Disulphonic  Add, — ^Eight  samples  examined;  none  were  pure;  the  iron  con- 
tent was  as  high  as  1.5  per  cent;  aU  were  loaded  with  salt  or  Glauber's  salt.  One  con- 
tained excessive  amount  of  arsenic  and  two  excessive  amoimts  of  heavy  metals. 

The  difiiculties  consist  in  keeping  the  undesirable  materials  out  of  the  dyes  or  in 
separating  them  from  the  crude  dyes,  or  both. 

In  this  connection  the  following  statement  made  by  Dr.  E.  Ludwig, 
of  Vienna,  at  the  International  Congress  of  Medicine  held  in  Buda- 
pest, August;  1909,  may  be  of  interest: 

The  author,  at  an  order  of  a  court,  at  the  b^;inning  of  the  seventies  in  the  last  cen« 
tury,  examined  approximately  200  samples  of  food  products  confiscated  as  suspicious 
and  taken  from  ntmierous  sales  places  of  a  then  suburb  of  Vienna;  these  samples 
included  solid  confectionery,  fruit  sirups,  spirits,  etc.  He  foimd  that  more  than 
90  per  cent  of  these  things  were  colored  with  magenta  and  contained  arsenic.  In  some 
of  the  sales  places  the  preparation  used  for  coloring,  the  so-called  "couleur,"  was 
found,  which  proved  to  be  a  solution  of  magenta  and  in  which  there  were  contained  8 
per  cent  of  arsenic  in  the  form  of  arsenous  acid  and  of  arsenic  acid.  According  to  the 
statements  of  a  qualified  dyestuff  maker,  this  '^couleur"  was  a  mother  liquor  from 
nugenta  manufacture,  which  was  very  difficultly  saleable  and  which,  however,  a 
c<niBcienceless  agent  had  talked  onto  ignorant  producere  of  and  dealere  in  foods. 

Schacherl  (p,  1046)  says:  **It  should  be  required  of  all  permitted 
coloring  matters  that  they  shall  not  contain  substances  which  are 
harmful  to  health,  or  even  suspicious,  either  in  chemical  union  or  as 
contaminations."  The  following  pages  (Section  XV)  show  how 
dosely  this  requirement  has  been  met  as  a  result  of  quaUty  control 
on  the  part  of  the  Department  of  Agriculture. 
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XV.  oviDES  nr  DBTSBMnmro  dsobee  of  fusitt  aib 

CLEAHLDIESS. 

In  view  of  the  absence  of  any  statements  in  the  literature  defining 
the  purity  of  the  colors  physiologically  examined  with  such  accuracj 
that  another  could  obtain  with  reasonable  certainty  the  same  degree 
of  cleanliness,  it  became  necessary  to  devise  some  guide,  no  matter 
how  empirical,  in  the  setting  up  of  standards,  tentative  or  otherwise. 

As  a  first  consideration  it  was  held  that,  in  view  of  the  fact  that  all 
of  the  physiological  work  had  been  done  with  specimens  of  coal-tar 
colors  of  conunercial  purity,  it  would  be  reasonable  to  suppose  that 
coal-tar  colors  produced  in  the  purest  form  possible  with  present-day 
methods  would  certainly  be  as  clean  and  as  free  from  admixture  as 
any  of  the  commercial  products  subjected  to  physiol(^cal  test.  It 
was  considered  unreasonable  to  expect  that  increasing  the  degree  of 
purity  of  these  substances  coidd  in  any  way  increase  any  harmful 
property  possessed  by  them.  Certainly  in  the  case  of  Naphthd 
Yellows,  where  Martins  Yellow  is  a  usual  contaminant,  it  can  hardly 
be  maintained  that  decreasing  the  amount  of  Martins  Yellow  would 
increase  any  harmful  property  which  might  reside  in  Naphthol  Yel- 
low S  proper;  in  the  case  of  Ponceau  3  K  it  could  hardly  be  aigued 
that  any  undisazotized  base  or  decomposition  products  of  diazo 
compounds  tended  to  correct  or  counteract  any  harmful  property 
that  might  reside  in  Ponceau  3  R  proper;  nor  could  it  be  maintained 
that  Orange  I  free  from  uncombined  alpha-naphthol  was  more  harmful 
than  Orange  I,  contaminated  with  alpha-naphthol,  and  so  on  through 
the  list  of  the  seven  permitted  colors.  This  point  would  not  be 
raised  had  it  not  been  pressed  repeatedly  by  different  persons  as  a 
serious  objection  to  quality  control  and  purity  standards  of  the  seven 
permitted  colors  of  Food  Inspection  Decision  No.  76. 

With  this  rule  in  mind,  and  referring  to  the  tabulated  results  of  the 
analyses  of  the  30  specimens  of  the  seven  permitted  colors  just  given^ 
the  items  in  the  analytical  statements  will  each  be  separately 
discussed. 

Common  salt  and  etJier  extractive. — Common  salt  is  a  legitimate  com- 
ponent of  commercial  brands  of  coal-tar  colors  in  so  far  as  these 
coal-tar  colors  are  obtained  by  the  so-called  ''salting  out"  process. 
The  coal-tar  colors  are  recovered  from  solution  by  the  addition  of 
common  salt,  which  has  the  peculiar  property  of  separating  the  coal- 
tar  color  from  the  water  solution  as  an  undissolved  solid.  The 
coal-tar  color  so  obtained  will  contain  more  or  less  salt,  which,  from  a 
commercial  manufacturing  point  of  view,  is  therefore  an  unavoidable 
constituent.  The  amount  of  salt  so  accompanying  the  coal-tar 
color  depends  upon  the  amount  added  to  the  color  solution,  and  this 
is  greatest  when  complete  exhaustion  of  the  coal-tar  color  solution 
is  attempted.    It  is  a  matter  of  common  experience  that,  as  a  rule, 
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the  coal-tar  color  first  separating  in  the  salting-out  process  is  cleaner 
and  less  contaminated  than  the  portions  last  separating.  In  an 
endeavor  to  recover  as  far  as  possible  all  the  dissolved  coal-tar 
coloring  matter  the  manufacturer  adds  a  large  excess  of  salt,  and 
this  carries  with  it  a  large  amount  of  oiganic  matter  not  coloring 
matter^  as  can  be  seen  from  the  preceding  analyses,  where  a  high 
salt  content  is  almost  always  accompanied  by  a  high  ether  extract 
content.  The  ether  extract  content  is  a  measure  of  the  dirt  or 
organic  impurities  of  the  coloring  matter. 

The  objection  to  an  excessive  amount  of  salt  in  coal-tar  coloring 
matters,  when  they  are  to  be  used  for  food-coloring  purposes,  does 
not  reside  in  the  salt  per  se,  but  13  due  to  the  fact  that  a  high  salt 
content  seems  generally  to  be  accompanied  by  an  unnecessarily 
large  amount  of  organic  material  not  coloring  matter,  and  nothing 
good  is  known  of  such  material,  which  is  more  than  likely  to  be 
harmful. 

The  acetate  ether  extract  is  supposed  to  represent  that  part  of  the 
oiganic  material  not  coloring  matter  which  has  no,  or  only  slightly, 
basic  properties;  the  acid  ether  extract  is  supposed  to  represent  that 
part  of  the  oiganic  material  not  coloring  matter  which  has  acid 
properties.  In  the  case  of  Naphthol  Yellow  S  the  acid  ether  extract 
will  contain  all  of  the  Martins  Yellow,  and  very  likely  will  consist 
substantially  of  it.  In  the  case  of  Ery  throsin,  of  course,  no  acid  ether 
extraction  was  attempted  because  the  color  acid  is  itself  ether- 
soluble.  • 

The  following  tabulation  shows  the  percentages  of  salt  based  on 
the  amount  of  coloring  matter  present  contained  in  26  of  the  specimens 
before  reported  on,  arranged  under  each  of  the  seven  permitted 
colors: 

Naphthol  YeUow  S:  0.62;  1.04;  2.97;  2.99;  3.51;  3.64;  4.38;  7.38;  11.82;  31.53. 
(Average,  6.99.) 
Ponceau  3  R:  27.16. 
Orange  I:    3.91;  11.19.    (Average,  7.55.) 

Amaranth:  16.20;  37.39;  39.97;  42.85;  64.37;  68.89.    (Average,  44.95.) 
light  Green  SF  Yellowish:  0.04;  0.10;  ;i.64;  1.88.    (Average,  0.92.) 
Indigo  Diflulpho  Acid*  8.31;  8.35;  44.02.    (Average,  20.23.) 

The  following  jSgures  give  the  same  data  for  the  acetate,  acid,  and 
total,  ether  extract: 

Ether  extractives, 

ACETATE   ETHER  EXTRACT. 

Naphthol  Yellow  S:  0.08;  0.10;  0.13;  0.14;  0.16;  0.16;  0.16;  0.19;  0.27;  0  37.     (Aver- 
age,  0.18.) 
Ponceau  3  R:  0.38. 

Orange  I:  0.02;  0.69.    (Average,  0.36.) 
Amaranth:  0.03;  0.14;  0.19;  0.31;  0.32;  0.46.     (Average,  0.24.; 

97291^— Bull.  147—12 ^13 
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Light  Green  SF  YellowiBh:  0.02;  0.02;  0.05;  0.05.    (Average.  0.0S5.) 

ErythrofliDe:  0.11. 

Indigo  Disulpho  Acid:  0.02;  0.02;  0.03.    (Average,  0.03.) 

ACID   ETHER   EXTRACT. 

Naphthol  Yellow  S:  0.33;  0.44;  0.72;  0.77;  0.78;  0.94;  0.95;  0.97;  1.07;  1.16.    (Aver- 
age, 0.81.) 
Ponceau  3  R:  1.13. 

Orange  I:  0.23;  0.25.    (Average,  0.24.) 

Amaranth:  0.05;  0.05;  0.12;  0.15;  0.19;  0.27.     (Average,  0.14.) 
Light  Green  SF  Yellowish:  0.05;  0.05;  0.05;  0.05.     (Average,  0.05.) 
Indigo  Disulpho  Acid:  0.04;  0.06;  0.15.     (Average,  0.08.) 

TOTAL  ETHER   EXTRACT. 

Naphthol  Yellow  S:  0.43;  0.63;  0.86;  0.93;  0.94;  1.02;  1.10;  1.11 ;  1.43;  144.    (Aver- 
«ge,  0.99.) 
Ponceau  3R:  1.51. 

Orange  I:  0.27;  0.92.    (Average,  0.59.) 
Amaranth:  0.08;  0.26;  0.36;  0.38;  0.59;  0.61.    (Average,  0.38.) 
Li^it  Green  SF  Yellowish:  0.07;  0.07;  0.10;  0.10.    (Average,  0.09.) 
Erythroflin:  0.11. 
Indigo  Disulpho  Acid:  0.06;  0.08;  0.18.    (Average,  0.11.) 

Insoluble  matter, — ^The  amount  of  insoluble  matter  (total,  Tolatile, 
and  nonvolatile)  is  a  measure  of  the  cleanliness  of  the  matefials 
used,  as  well  as  of  the  cleanliness  of  treatment  during  the  manu- 
facture of  the  coloring  matter.  The  following  tabulation  shows  the 
variations  in  these  three  figures  for  each  of  the  26  specimens  of  the 
7  permitted  colors,  examined,  as  in  the  preceding  cases: 

Insoluble  matter. 

VOLATILE  INSOLUBLE. 

Naphthol  Yellow  S:  0.00;  0.00;  0.00;  0.02;  0.02;  0.05;  0.13;  0.86;  0.97;  1.46.     (Aver- 
age, 0.35.) 
Orange  I:  0.39;  1.66.    (Average,  1.03.) 
Amaranth:  0.32;  0.51;  0.83;  1.10;  1.71;  1.93.    (Average,  1.07.) 
Light  Green  SF  Yellowish:  0.16;  0.38;  0.22;  0.41.    (Average,  0.29.) 
Erythrosin:  0.50. 
Indigo  Diaiilpho  Acid:  0.77;  1.23;  1.25.    (Average,  1.08.) 

NGN  VOLATILE  INSOLUBLE. 

Naphthol  Yellow  S:  0.00;  0.00;  0.00;  0.00;  0.00;  0.00;  0.03;  0.05;  0.10;  0.27.     (Aver- 
age, 0.05.) 
Orange  I:  0.23;  0.25.    (Average,  0.24.) 

Amaranth:  0.21;  0.54;  0.55;  1.39;  1.78;  1.98;    (Average,  1.08.) 
Light  Green  SF  Yellowish:  0.00;  0.06;  0.64;  0.65.    (Average,  0.34.) 
•Erythrosin:  0.22. 
Indigo  Disulpho  Acid:  0.00;  0.59;  0.59.    (Average,  0.36.) 

TOTAL  INSOLUBLE. 

Naphthol  Yellow  S:  0.00;  0.00;  0.00;  0.05;  0.05;  0.12;  0.40;  0.86;  0.97;  1.51.     (Aver- 
age, 0.40.) 
Orange  I:  0.62;  1.91.    (Average,  1.27.) 
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Amaranth:  0.63;  1.37;  1.65;  1.90;  3.69;  3.71.    (Average,  2.U,) 
Light  Green  SF  Yellowish:  0.22;  0.47;  0.81;  1.02.    (Average,  0.63.) 
Er)rthroflin:  0.72. 
Indigo  Disulpho  Acid:  1.23;  1.36;  1.84.    (Average,  1. 48.) 

Work  subsequent  to  these  analyses  showed  that  the  insoluble 
matter,  particularly  the  nonvolatile  insoluble  matter,  was  greater 
in  certain  batches  than  in  others,  and  that  these  amounts  were  in 
excess  of  the  maximum  amounts  reported  therefor.  Examination 
showed  that  these  increased  amounts  of  insoluble  matter  were 
probably  due  to  variations  in  the  water  delivered  to  the  factories 
by  their  respective  municipal  water  supplies,  since  it  was  noted  that 
in  two  or  more  cases  the  batches  containing  an  exceptionally  large 
amount  of  nonvolatile  insoluble  matter  were  manufactured  at  a 
time  when  the  city  water  supply  was  abnormally  hard;  this  item, 
therefore,  has  been  made  in  some  instances  a  little  more  elastic  than 
the  preceding  analyses  would  seem  to  justify. 

Arsenic. — Examination  of  the  preceding  tabulations  shows  that 
14  out  of  30  specimens  tested  passed  the  Gutzeit  test  for  arsenic,  and 
16  failed  to  pass. 

Hta/cy  metals, — Inspection  of  the  preceding  tables  shows  that  13 
out  of  30  specimens  passed  this  test,  and  that  17  failed  to  pass. 

Ckymbined  arsenic  and  heavy  metals  test. — Inspection  of  the  preceding 
tables  shows  that  11  out  of  30  passed  both  tests  jointly;  that  3 
passed  the  arsenic  test  and  failed  to  pass  the  heavy  metals  test;  and 
that  2  passed  the  heavy  metals  test  and  failed  to  pass  the  arsenic 
test. 

Moisture. — ^The  amount  of  moisture,  as  inspection  of  the  preceding 
analyses  shows,  is  variable,  and  is  a  factor  not  under  easy  control. 
As  long  as  the  coloring  matters  submitted  for  foundation  certification 
were  in  powder  form  and  the  analyses  disclosed  the  actual  percentage 
of  coloring  matter  it  was  considered  that  any  control  of  this  item 
would  involve  an  amount  of  labor  and  provide  opportunities  for 
friction  wholly  out  of  proportion  to  any  benefit  that  at  present  could 
be  realized  therefrom.  Therefore  such  control  was  not  instituted, 
although  it  by  no  means  follows  that  the  time  may  not  come  when 
control  of  this  item  will  be  necessary. 

Sulphur  and  sulphated  ash. — ^These  two  determinations  in  the 
case  of  all  the  permitted  colors,  except  Erythrosin,  give  a  rough 
measiu^  of  the  extent  of  the  sulphonation  and  of  the  saturation  of 
the  sulphonic  acids  with  sodium.  It  is  not  the  function  of  these 
two  items  to  exclude  the  isomeric  modifications,  nor  was  any  test 
applied  to  such  of  these  30  specimens  as  were  examined  in  this  respect 
to  determine  the  presence  or  absence  of  such  products.  The  attempts 
made  in  this  direction  are  of  a  later  date  than  the  analyses  already 
reported,  and  are  indicated  on  page  210  of  this  report. 
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With  these  data  available,  and  with  the  general  rule  stated  at  the 
opening  of  this  section  in  mind,  it  was  regarded  as  the  proper  course, 
when  determining  upon  standards,  to  reqxiire  that  each  color  should 
pass  the  combined  heavy  metals  and  arsenic  test  of  the  United  States 
Pharmacopceia,  and  in  other  respects  should  be  as  clean  and  as  high- 
grade  as  the  best  of  each  class  given  in  the  preceding  analyses.  Just 
how  closely  it  was  possible  to  adhere  to  this  rule  will  be  shown 
later. 

With  respect  to  the  arsenic  requirement,  there  has  been  a  great 
deal  of  discussion  brought  on  by  those  interested  in  the  manufacture 
of  these  colors.  It  was  protested  that  colors  could  not  be  made 
uniformly  and  continuously  under  manufacturing  conditions,  which 
would  contain  an  amount  of  arsenic  so  small  that  a  quantity  of  the 
product  containing  2  grams  of  the  coloring  matter  in  question  would 
not  respond  to  the  Gutzeit  test  in  the  United  States  Pharmacopoeia. 
The  results  above  given  with  raspeet  to  conformity  or  nonconformity 
to  the  Gutzeit  test,  were,  with  a  great  deal  of  justification,  not  regarded 
as  conclusive,  because,  as  has  been  previously  stated,  there  was  no 
certainty  that  the  amount  of  coloring  matter  actually  taken  did 
represent  2  grams.  In  view  of  the  fact  that  the  United  States  Phar- 
macopceia  prescribas  for  the  only  coal-tar  color  in  it,  namely.  Methy- 
lene Blue,  that  it  shall  be  so  free  from  arsenic  that  2  grams  fail  to 
respond  to  the  Gutzeit  test,  it  was  considered  perfectly  justifiable 
to  adhere  to  that  requirement  until  it  could  be  conclusively  shown 
that  it  was  unreasonable  and  incapable  of  attainment.  Results 
described  in  the  pages  that  follow  show  that  it  has  been  possible  to 
make  all  the  7  permitted  colors  of  Food  Inspection  Decision  No.  76 
so  free  from  arsenic  that  they  comply  with  the  Pharmacopceial 
test. 

With  respect  to  the  heavy  metals,  no  deviation  was  necessary  for 
the  nonferrous  metals  from  the  test  of  the  Pharmacopoeia;  for  iron, 
however,  it  was  found  necessary  to  increase  the  limit  to  substantially 
0.005  part  per  100  of  actual  coloring  matter.  The  reason  for  this  is 
that  at  one  time  or  another  all  of  the  seven  permitted  coloring  matters 
in  the  course  of  their  manufacture  come  in  contact  with,  or  are  con- 
tained in,  vessels  of  iron,  and  it  seems  to  be  almost  impossible  to 
keep  iron  out  to  an  extent  which  would  bring  the  color  within  the 
pharmacopceial  test.  It  has  been  shown  that  there  were  13  colors 
on  the  market  in  1 907  which  contained  so  little  iron  that  they  failed 
to  respond  to  the  heavy  metals  test  of  the  Pharmacopoeia  in  that 
respect;  but  here  again  the  same  criticism  holds  good  as  in  the  arsenic 
test,  that  there  is  no  certainty  that  the  amounts  taken  for  the  heavy 
metals  tests  were  equivalent  in  each  case  to  1  gram  of  actual  coloring 
matter,  and  subsequent  experience  seems  to  confirm  the  correctness 
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of  that  criticism;  therefore  the  rule  for  cleanliness  of  product,  as  just 
given,  has  been  modified  in  that  respect  and  to  that  extent. 

That   it  was   only  fair  and    reasonable   to   expect  considerable 
improvement  in  the  cleanUness  and  purity  of  food  colors  was  made 
evident  by  an  examination  of  two  substances  sold  in  the  United 
States  in  lai^e  quantities  for  the  purpose  of  making  a  very  cheap 
red  coal-tar  coloring  matter,  which  is  used  in  many  of  the  cheapest 
coloring   operations,   for  paints,   inks,   etc.     These  substances   are 
paranitranilin  and  betanaphthol.     They  were  found  in  the  United 
States  market  in  such  a  condition  of  cleanUness  and  purity  that  had 
they  been  suitable  for  use  in  foods  no  objection  could  be  raised 
against  them  on  these  scores.     They  comphed  with  the  requirements 
of  the  United  States  Pharmacopoeia  with  respect  to  freedom  from 
arsenic  and  all  heavy  metals,  inclusive  of  iron.     The  significance  of 
this  lies  in  the  fact  that  all  the  raw  materials  entering  into  the  manu- 
facture of  paranitranilin  and  betanaphthol  also  enter  into  the  manu- 
factiure  of  the  seven  permitted  colors  of  Food  Inspection  Decision 
No.  76,  and  that  the  only  source  of  arsenic  in  food  colors,  and  probably 
the  only  -way  in  which  iron  could  be  introduced  into  them,  is  by  way 
of  the  materials  entering  into  the  manufacture  of  paranitranilin 
and  betanaphthol,  and  since  it  has  been  shown  to  be  commercially 
possible  to  keep  those  bodies  out  of  paranitranihn  and  betanaphthol, 
and  since  there  is  no  occasion  whatever  for  arsenic  or  iron  or  other 
heavy  metal  being  present  in  any  of  the  materials  used  in  the  manu- 
facture of  the  seven  permitted  colors  of  Food  Inspection  Decision 
No,  76,  over  and  above  the  materials  used  in  the  manufacture  of  para- 
nitranilin and  betanaphthol,  there  was  every  reason  for  believing 
that  the  seven  permitted  colors  of  Food  Inspection  Decision  No.  76 
could  ultimately  be  manufactured  and  marketed  in  the  same  degree 
of  cleanliness  and  purity  that  paranitranilin  and  betanaphthol  are 
marketed;  in  other  words,  that  food  colors  could  be  made  as  clean 
and  as  pure  as  paint  colors,  a  condition  not  existing  in  the  food-color 
market  of  the  United  States  in  the  summer  of  1907. 

The  results  of  the  control  exercised  by  the  Department  of  Agricul- 
ture over  the  quaUty  of  food  colors,  as  compiled  in  the  following 
section,  fully  justify  such  expectations,  as  well  as  the  aim  to  make 
coal-tar  colors  when  used  for  food  purposes  of  the  same  high  degree 
of  cleanliness  and  purity  as  when  they  are  to  be  used  as  drugs  or  as 
they  actually  are  when  used  for  the  manufacture  of  paints  and  printer's 
Uiks;  that  is  to  say,  that  the  coal-tar  color  used  in  a  colored  food 
should  be  as  clean  as  the  coal-tar  color  used  in  making  the  ink  on  the 
label  of  such  colored  food,  the  very  reverse  of  the  situation  existing 
prior  to  the  quality  control  now  established. 
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XVI.  AVALTSB8  OF  CERTIFIED  LOTS  OF  PEBMITTED  COUOBS, 

190fr-10. 

TABUULTIOK  OF  BXSUI/TS. 

The  analytical  results  obtained  on  74  batches  of  certified  colors, 
totaling  upward  of  32,000  pounds,  are  given  in  the  following  tables. 
The  analytical  results  are  tiie  work  of  the  New  York  Food  and  Drug 
Inspection  Laboratory  in  the  course  of  checking  up  the  analytical 
results  certified  to  in  foundation  and  in  supplementary  certificates. 
The  period  covered  by  these  examinations  is  approximately  from 
July,  1909,  to  January  1,  1910. 

Naphthol  Yellows. 

[F%iiiweiteilAt«d  to  100  parts  para  color  and  aniiH^  fntiw  order  of  their  tiM.    Finires  oa  Ike  same 
bofiaontal  lines  do  not  refer  to  the  same  samples;  tne  dash  line  shows  the  location  of  toe  avence  ofeach 


Insohibles. 

Ether  extractives. 

Com- 
mon 
salt. 

Sol- 
phur. 

So- 
dlmn. 

Cal- 
cium. 

Nomber  of  batches. 

Total. 

Inor- 
ganic. 

Nen- 
tial. 

Alkali. 

Acid. 

Total. 

1 

0.170 
.130 

.097 
.000 

.062 

.079 

0.100 
.078 

.050 
.046 

O.0S6 
.026 

.024 
.028 

,m 

.018 

0.016 
.007 

.006 
.006 

.006 

.005 

0.067 
.065 

.042 
.088 

.036 

0.068 
.073 

.072 
.064 

.061 

.067 

.066 
.054 

4.06 
2.26 

1.68 
1.41 

1.30 

9.23 

8.99 

8.96 
8.96 

8.89 

IS.  27 
13.21 

0.13 

1 

.13 

s 

12.92 
12.90 

12. 8» 

12.80 

12,87 
12.87 

12.81 
12.75 

.06 

4 

.01 

5 

.040 

.086 

.032 
.030 

.010 
.010 

6 

.034 

.031 
.026 

.025 
.025 
.020 
.018 

.63 

.63 

.48 

.47 
.25 
.24 
.19 
.19 

8.86 

8.85 
8.83 

8.71 
8.70 
8.62 

7 

.070 
.060 

.055 
.000 
.050 
.030 
.030 

.016 
.012 

.011 
.010 
.007 
.006 

.004 
.004 

.000 
.000 
.000 
.000 

8 

9 

.048 
.046 
.046 
.045 
.044 

10 

11  

12      

13 

Average 

.076 
6 
7 

.043 

4 
6 

.017 
6 

.004 
6 
6 

.035 
5 

7 

.051 
8 
5 

1.06 
5 
8 

8.87 
5 
6 

12.93 
2 

8 

.06 

Above 

^ 

Below 

*> 

Ponceau  SR. 

[Flgnres  oakmlated  to  100  parts  pure  color  and  arranged  In  the  order  of  their  sise.  Figures  In  the  same 
horizontal  line  do  not  refer  to  the  same  sample;  the  dash  line  shows  the  location  of  the  aversice  of  each 
column.] 


Nomber  of 
batches. 

Insoluble. 

Ether  extractives. 

Com- 
mon 
salt. 

So- 
dium 

sul- 
phate. 

Sul- 
phur. 

So- 
dium. 

Cal- 
cium. 

Boiling 

point  of 

cumi- 

din. 

Total. 

Inor- 
ganic. 

Neu- 
tral. 

ADcali. 

Acid. 

Total. 

0.55 
.42 

.41 

.27 

0.29 
.20 

.17 

0.166 
.163 

.161 

0.034 
.033 

.032 

0.019 
.018 

.018 

.018 

0.216 
.213 

.201 

5.72 
5.67 

5.57 

5.00 

0.06 
.06 

13.03 
12.99 

12.95 

12.88 

9.51 
9.49 

9.31 

9.31 

9.23 

0.18 
.15 

•c. 

222-215 

.00 

.00 

.00 

.00 
.00 
.00 
.00 

.14 
.14 
.12 
.12 

222-235 

.12 

.11 

.11 
.09 
.07 

.072 

.053 

.052 
.038 
.038 

.009 

.006 

.002 
.002 
.000 

.098 

.073 

.072 
.068 
.057 

220-230 

.17 

.17 
.16 
.14 
.10 

.017 

.017 
.016 
.014 

4.12 

8.73 
3.71 
3.03 
2.53 

12.80 

12.80 
12.77 
12.64 

230-230 

9.16 
9.12 
9.07 
8.74 

220-2S0 

230-229 

225-238 

216-S6 

Average. 

Above 

Below 

.266 

4 
5 

.15 
3 
5 

.093 
3 
5 

.015 
3 
5 

.017 
4 

4 

.124 
3 
5 

4.34 

4 
5 

.01 

12.83 
4 
4 

9.21 
5 

4 

.14 
2 

4 

221-231 
3 

e 
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Orange  I. 

[Ffgnrescalcalated  to  100  parts  pure  color,  and  arranged  in  the  order  of  their  sixe.  Flgores  in  the  same 
horiioatal  line  do  not  refer  to  the  same  sample;  the  dash  line  shows  the  location  of  the  average  of  each 
column.] 


Number  of 
batdies. 

Insohible. 

Ether  extractives. 

Com- 
mon 
salt. 

So- 
dium 

sul- 
phate. 

Sul- 
phur. 

So- 
dium. 

Cal- 
cium. 

Total. 

Inor- 
ganic. 

Neu- 
tral. 

Alkali. 

Add. 

Total. 

1 

0.39 

.38 

.28 

.23 
.23 

0.18 

.06 
.08 

0.224 

.220 
.210 

.207 

.181 

.177 

.174 

0.093 

.060 
.043 

.035 

.035 

0.08 

.077 
.067 

.055 

0.360 

.309 
.306 

.300 

.269 

.267 

3.18 

3.13 
3.04 

2.36 

0.22 

9.26 

9.23 
9.12 

9.10 

9.06 

9.06 

9.05 

9.02 

6.82 

6.76 
6.63 

6.62 

0.29 

2 

.10 

.24 

3 

.24 

4 

.05 
.04 
.04 
.03 
.03 
.02 

.22 

5 

.048 
.030 
.036 
.029 
.016 

1.98 

1.91 

1.90 

1.41 

1.05 
1.01 

6.54 
6.48 
6.32 
6.21 

.05 

6 

.16 

.15 

.11 

.10 
.06 

.020 

.018 

.015 

.011 
.011 

.04 

7 

.246 

.224 

.175 
.124 

8 

.124 

.107 
.097 

9 

8.96 
8.15 

10 

Avenge 

AbovJ 

Below 

.21 
5 
5 

.06 
3 
6 

.172 
7 
3 

.034 
5 
5 

.050 

4 
5 

.258 
6 
4 

2.09 

4 
6 

.03 

1 
1 

9.00 
8 
2 

6.50 

4 
4 

.18 

4 
2 

Amaranth, 

[Figorei  oalonlated  to  100  parts  pure  color  and  arranged  in  the  order  of  their  site.  Firares  on  the  same 
horliontal  lines  do  not  refer  to  the  same  samples;  the  dash  line  shows  the  location  of  tne  average  of  each 
ctrfmnn.) 


Insoluble. 

Ether  extractives. 

Com- 
mon 
salt. 

Sul- 
phur. 

Sodi- 
um. 

Calci- 

Nmnbcrofbatidies. 

TotaL 

Inor- 
ganie. 

Neu- 
tral. 

Alkali. 

Acid. 

Total. 

1 

0.43 
.39 
.29 

.23 

.21 

0.33 
.30 
.19 

.15 

.10 

.10 

a090 
.088 
.069 

.047 

.042 

0.030 
.017 
.009 

.007 

.007 

0.050 
.017 
.015 

.014 

.012 

.012 

.012 

0.158 
.101 
.100 

.060 

4.18 
4.16 
8.83 

3.73 

3.67 

3.08 

3.02 

2.94 
2.70 

16.04 
15.80 
15.63 

15.61 

15.50 

15.58 

15.67 

15.57 
15.56 

15.54 
16.52 
16.62 
16.62 

14.22 
14.19 
12.10 

0.20 

2 

.19 

3 

.17 

4 .    .. 

11.47 

11.43 

11.43 

11.42 

11.38 
1L33 

11.32 
11.31 
11.29 
1L27 

11.27 
11.28 
11.21 
11.18 
11.15 
11.14 
11.10 
11.01 

.14 

5 

.056 

.053 

.052 

.061 
.048 

.042 
.042 
.040 
.039 

.038 
.038 
.038 
.035 
.036 
.029 

.14 

« 

.13 

.12 

.12 
.12 

.11 
.11 
.11 
.11 

.092 

.09 

.09 

.080 

.08 

.070 

.07 

.04 

.035 

.034 

.034 
.034 

.031 
.031 
.031 
.027 

.026 
.026 
.025 
.021 
.019 
.018 
.012 

.005 

.005 

.005 
.005 

.004 
.004 
.004 
.0(M 

.004 
.003 
.002 
.001 
.000 
.000 
.000 

.13 

7 

.06 

.05 
.05 

.04 
.04 
.040 
.036 

.03 

.03 

.025 

.02 

.02 

.02 

.02 

.13 

8 

.010 
.009 

.008 
.008 
.007 
.006 

.006 
.006 
.005 
.004 
.003 
.003 

.12 

9 

12 



10 

2.62 
2.21 
2.12 
2.12 

2.04 
1.94 
1.94 
1.91 
1.91 
1.23 
1.22 

12 

11 

.11 

12 

09 

18 ""  ;■ ' 

.09 

14 

16.47 
15.43 
15.41 
15.41 
16.41 
15.40 
15.12 
15.12 

.09 

15 

.09 

16 :; ■ 

.08 

17 

.07 

18 

.00 

19 

20 

21 

\\'.""'.\ 

Average 

.148 
5 
16 

.083 
6 
14 

.037 
5 
15 

.006 
5 

1     '' 

.011 
7 
12 

.066 
4 
15 

2.63 
0 
11 

15.51 
13 
8 

11.60 
8 
18 

.012 

Above... 

7 

Btfow. ...        

11 
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Liglit  Green  SF  Yellonn$h. 


„  Fiffom  in  tlie  aame 

the  same  sample;  the  dash  line  shows  the  locatftoo  of  the  average  of  caefc 


[Figures  calculated  to  100  parts  pure  color  and  arranged  in  the  ofder  of  their  sise. 
horUontal  line  do  not  refer  to "  "     ""     ....       .         -^    . 

column.) 


Number  of 
batches. 

Insoluble. 

Ether  extractives. 

Com- 
mon 
salt. 

Sodi- 
um 
sul- 
phate. 

Sul. 
phur. 

TotaL 

Inor- 
ganic. 

Neo- 
traL 

AlkaU. 

Acid. 

TotaL 

1 0.07 

a084 
.02 

a068 

0.011 
.007 

a  Oil 
.000 

0.076 

415 

aoo 

.00 

.00 
.00 
.00 

.00 

12.60 
12.27 

8.08 
7.99 

4.52 

2 

3 

4 

5 

.045 

.041 

.034 
.033 

.054 

.053 
.042 

.64 

.515 

.43 

.37 

.U> 

.03 
.02 

.01 
.01 
.01 

.01 

.006 
.000 

.006 
.007 

12.07 
11.88 
1L88 

7.» 
7.M 
7.78 

d6 

0                         ni 

1  SA 

A  vpraco 

AI>ovt' 

Below 

.033 
2 

.017 
2 
3 

.041 

1 
3 

.006 
2 
2 

.008 
2 
2 

.056 

1 
3 

1.221 

1 
4 

.00 
0 
0 

12.16 
2 
3 

«.87            .^. 

•     !       i 

Erythronn. 

[Figures  calculated  to  100  parts  pure  color  and  arranged  in  the  order  of  their  size.    Figures  in  theaamebon- 
sontal  line  do  not  refer  to  the  same  sample;  the  dash  line  shows  the  location  o  the  average  of  eai^eolinBiL] 


Insoluble. 

] 

Neu- 
tral. 

ether  extractives. 

Com- 
mon 
salt. 

Sodi- 
phate. 

Sodi- 

Number  of  batches. 

TotaL 

Inoi^ 
ganlc 

AlkaU. 

Acid. 

Total. 

IbdiD. 

1 

0.13 
.00 

0.00 
.04 

a039 
.039 

.037 

0.017 
.000 

.008 

a  051 
.048 

.047 

1.13 
LOO 

.48 

aoo 

.00 

.00 

.00 
.00 
.00 

.00 
.00 
.00 

5.42 

5.3S 

5.83 

5.29 
5.15 
5.11 

57  45 

2                  

5&«» 

3               

.050 

.05 
.04 
.04 

.04 
.03 

.024 

.01 
.01 
.01 

.01 

56.40 

4           

.034 
.033 
.033 

.027 

.002 
.002 
.000 

.037 
.035 
.035 

.027 

.23 
.00 
.09 

.09 
.09 
.036 

5 

6 

55.97 

7      

3.85 

55.W 

55. 9D 

8 



9     

::::::::r::::;:: 

AverftRc 

.059 
2 

.028 
2 
5 

.035 
8 
4 

.006 

■     8 

3 

::::::::1   -^ 

.360 
3 
6 

.00 

5.07 

1 

56.23 
3 

AI>OY0 

Below 

g 

Indigo  disulpho  acid. 

[Figures  calculated  to  100  parts  pure  color  and  arranged  in  the  order  of  their  size.  Figures  on  the  same  hori- 
zontal lines  do  not  refer  to  tne  same  samples;  the  dash  line  shows  the  loottion  of  the  av^nage  of  «acfa 
cohmin.} 


Number  of 
batches. 

Insoluble. 

Ether  extractives. 

Com- 
mon 
salt. 

Sodi- 
um- 
sul- 

phate. 

Sul- 
phur. 

Sodi- 

ITIW, 

Total. 

Inor- 
ganic. 

Neu- 
tral. 

AlkaU. 

Acid. 

Total, 

Caln- 

1 

0.60 
.46 
.45 

0.28 
.26 
.25 
.24 

0.140 
.134 

0,087 
.061 

0.099 

0.320 
.217 

6.77 
3.60 
3.21 

16wl2 
ia22 

13.45 
13.43 
13.42 
13.39 

iai3 

9.90 
9.64 
9.60 

0  45 

2 

.038 
.026 
.024 
.016 

.13 

3  

.102 
.088 
.075 

.029 
.015 
.013 

.143 
.141 
.126 

4.79 

.00 

.00 
.00 

li 

4 

.43 

.42 

.32 

2.80 

1.85 
.40 

Oo 

.•j         ... 

.22 
.16 

13.22 
13.15 

9.13 
8.54 

6 

Average 

Above 

Below 

.43 
3 
3 

.235 

4 
2 

.108 
2 
3 

.041 
2 
3 

.041 

1 
4 

.189 
2 
3 

3.12 
3 
3 

6.19 
2 

4 

13.34 
4 
2 

9.49 
4 
2 

.19 

I 
3 
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OOMPABISON  WITH  ANALYSES  MADE  IN  1007. 

A  comparison,  as  far  as  possible,  of  these  figures  with  the  corre- 
8j>oiiding  data  previously  given  for  samples  on  the  market  in  the 
summer  of  1907  is  made  in  the  following  table.  The  figures  in  this 
TL&w  table  show  the  value  of  the  fraction  obtained  by  dividing  the 
old  average  figure  by  its  corresponding  new  average  figure — that  is, 
they  show  how  many  times  greater  the  old  average  figures  are  than 
the  corresponding  new  average  figures.  Italics  indicate  those  items 
in  which  there  has  been  a  retrogression  in  the  new  figures  as  com- 
pared with  the  old;  all  the  other  figures  represent  an  advance.  It 
iwill  be  noted  that  comparisons  are  not  made  for  Ponceau  3R  and 
Erythrosin.  This  comparison  was  omitted  because  there  was  but 
one  sample  of  Ponceau  3R  examined  and  a  partial  analysis  of  one 
sample  of  Erythrosin  in  the  old  work. 

Ratio  of  average  figures  of  1907  to  those  for  the  certified  colors,  1909. 


Salt. 

Insoloble. 

Ether  extracts. 

Color. 

Total. 

VolatUe. 

Nonvol- 
atile. 

Nonadd. 

Acid. 

Total. 

Nophthol  Yellow  S 

4.88 
3.54 
15.07 
.66 
8.05 

4.44 

9.07 
11.26 
31.00 

3.29 

9.02 
20.60 
21.40 
29.00 

5.4 

0.67 
3.00 
7.71 
17.00 
1.56 

7.50 

1.57 

4.07 

.65 

.15 

21.89 
4.53 

10.77 
6.25 
3.48 

16.97 

ORUlg6 

2.26 

Amaranth 

5.00 

Oreen 

1.67 

Blue 

*es 

These  retrogressions  are: 

1.  Salt  in  the  Green. 

2.  Nonvolatile  insolubles  in  the  Yellow. 

3.  Nonacid  ether  extract  in  the  Green. 

4.  Nonacid  ether  extract  in  the  Blue. 

5.  Total  ether  extract  in  the  Blue. 

With  respect  to  the  first  of  these  retrogressions  there  is  this  to  be 
said:  One  lot  of  Green  had  apparently  been  purified  by  precipitation 
with  salt,  since  it  was  in  every  other  respect  of  a  high  quality — that 
is,  it  was  free  from  arsenic  and  heavy  metals  within  the  pharmacopoBial 
test,  and  its  ether  extractives  were  very  satisfactory.  The  other  lots 
of  Green  examined  had  apparently  not  been  made  in  this  manner. 

With  respect  to  the  second  retrogression,  the  probable  explanation 
is  that  some  of  the  lots  were  made  during  a  period  when  the  municipal 
water  supply  was  excessively  hard,  as  before  explained.  The  remain- 
ing three  retrogressions  are  probably  due  to  the  fact  that  the  old 
methods  of  analysis  used  were  not  so  accurate  as  the  methods  later 
employed  and  hereinafter  described  (pp.  223,  225). 

It  will  be  noted  that  in  three  of  the  six  batches  of  Indigo  disulpho 
acid  reported  there  is  no  sodium  sulphate;  whereas  in  the  other  three 
batches  the  amount  of  this  substance  is  as  high  as  16.12.  The  reason 
for  this  is  that  in  the  early  stages  of  the  work  the  results  obtained 
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by  the  manufacturers  pointed  in  the  direction  of  the  impossibility  of 
getting  rid  of  all  the  sodium  sulphate;  but  later  and  more  extended 
work  showed  this  conclusion  to  be  an  error.  There  is  therefore  no 
good  reason  for  permitting  sodium  sulj^ate  as  a  contaminant  in  this 
or  any  other  of  the  seven  products. 

CONFOBJOTY   OF  ANALYTICAL  DATA   WITH  THBOBBTICAL   COM- 

POSITION. 

The  seven  tables  following,  likewise  based  upon  the  74  Govern- 
ment analyses,  show  the  conformity  or  nonconformity,  as  the  case 
may  be,  of  these  samples  with  their  theoretical  composition.  The 
second  and  third  colunms  show  the  percentage  based  on  theory  of 
the  contained  sulphur  and  sodium  in  the  case  of  all  colors  except 
Erythrosin,  where  the  figures  for  iodin  are  substituted  for  those  of 
sulphur.  The  fourth  column  shows  the  actual  ratio  of  sodium  to  sul- 
phur or  iodin,  as  the  case  may  be,  and  the  fifth  column  gives  the 
percentage  of  the  figure  of  colunm  4  based  on  the  theoretical  value 
which  is  given  in  parentheses  at  the  head  of  columns  4  and  5.  The 
summary  gives  the  maximum,  minimum,  and  average  of  each  colunm. 
Taken  as  a  whole  the  figures  are  fairly  satisfactory  and  show  a  rea- 
sonable conformity  of  the  actual  product  to  theoretical  requirements, 
although  there  seems  to  be  considerable  room  for  improvement,  which 
no  doubt  can  be  achieved  in  time. 

Percentages  based  on  theoretical  composition. 
NAPHTHOL  YELLOW  S. 


Nciinber 
of 

Solphiir. 

Sodium. 

t-(l.«79). 

Number 

of 
batches. 

Sulphur. 

Sodium. 

^*-(L43T9). 

batches. 

Value. 

Percent. 

Vahie. 

Percent. 

1 

Percent. 
103.120 
96.312 
97.205 
97.642 

Percent. 
103.10 

99.068 
100.000 

99.534 

1.4377 
1.4791 
1.4792 
1.4707 

99.983 
102.860 
102.870 
102.270 

10 

11 

12 

13 

AvcTE^e.. 

Max 

Min 

Percent. 
98.880 
96.658 
100.330 

loaioo 

PercenL 
101.06 
10L22 
100.15 
100.00 

1.4576 
1.4631 
L4353 
L4363 

101.36 

2 

101.74 

3 

90. 8K 

4 

99.800 

5  . 

6 

99.101 
103.120 
96.312 

10?>.212 
103.500 
99.068 

L4578 
L4792 
1.4353 

10LS7G 

7 

98.992 
99.331 
100.440 

10QL87 

8 

100.15 
103.50 

1.4498 
L4092 

100.80 
102.18 

o£ffl6 

9 

PONCEAU  3R. 


N 

umber 
of 
Itches. 

Sulphur. 

Sodium. 

^(0.71905). 

Number 

of 
batches. 

Sulphur. 

Sodium. 

^*- (0.71906). 

bi 

Value. 

Per  cent. 

Vahie. 

Percent. 

1 

Percent. 
97.454 

Percent. 
93.617 
98.927 
07.749 
96.174 
07.095 
99.783 
99.783 

0.60138 

96.173 

8 

9 

Average. 
Max.?.. 
Min 

Percent. 
98.693 
99.308 

Percent. 
101.920 
101.700 

0.74296 
.73679 

103.33 

2 

102. 4S 

3 

100. 4C0 
100.140 
98.458 
99.841 
96.603 

.60992 
.70518 
.70936 
.71892 
.72730 

97.351 
96.080 
06.662 
99.918 
101.16 

4 

99.256 
100.46 
97.464 

98.738 
101.920 
93.617 

.71648 
.74296 
.69138 

99.144 

5 

103.33 

6 

96.173 

7 
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Percentages  based  on  theoretical  composition — Continued. 
ORANGE  I. 


Number 
of 

Solphnr. 

SodJom. 

Nft 
-g--(0.71905). 

Number 

of 
batches. 

Sulphur. 

Sodium. 

-g--(0.71905). 

batches. 

Value, 

Per  cent. 

Value. 

Percent. 

1 

2 

3 

4 

88.972 
100.76 
101.00 
90.135 
90.135 
97.816 
08.709 

100.44 
103.72 
102.53 

0.81226 
.73889 
.73002 

112.97 
102.77 
101.53 

8 

9 

10 

Average. 
Max.?... 
Min 

98.471 
99.563 
99.342 

85.001 
99.241 
96.380 

0.70066 
.71710 
.71208 

97.454 
00.740 
00.042 

5 

98.308 
101.09 
88.972 

99.876 
103.72 
95.901 

.72967 
.81226 
.69300 

101.475 

6 

7 

94.234 
100.610 

.60309 
.73243 

96.391 
101.00 

112.07 
97.454 

AMARANTH. 


96.795 

105.76 

0.78510 

100.21 

14 

07.800 

98.863 

a72640 

101.03 

9&176 

90.037 

.72488 

100.82 

15 

07.400 

09.011 

.73646 

102.43 

94.975 

124.20 

.04048 

130.80 

16 

07.614 

08.050 

.72843 

101.32 

04.975 

12104 

.03840 

130.53 

17 

07.400 

00.476 

.73325 

101.08 

100.750 

06.240 

.68637 

05.470 

18 

07.863 

08.680 

.72465 

100.78 

99.246 

00.011 

.72341 

100.62 

10 

98.062 

08.303 

.72106 

100.05 

97.174 

100.260 

.72454 

100.78 

20 

97.800 

06.514 

.72383 

100.68 

96.929 

00.827 

.74011 

102.04 

21 

97.736 

97.725 

.71852 

00.014 

10 

97.926 
96.075 

07.465 
07.000 

.71620 
.72744 

00.476 
101.18 

Average. 

97.467 

101.347 

.74707 

103.00 

11 

96.733 

07.380 

.72338 

100.62 

Max 

100.750 

124.20 

.04048 

130.80 

12 

97.487 

08.514 

.72615 

100.00 

Min 

94.975 

06.240 

.68637 

05.470 

13 

96.798 

07.028 

.72030 

100.18 

LIGHT  GREEN  SF  YELLOWISH. 


102.85 

6 

Average. 

Max 

Mto 

104.50 

05.547 

0.65783 

01.405 

06.148 
03.018 
06.629 
06.148 

100.87 
106.23 
102.35 

0.60011 
.65368 
.67256 

84.722 
00.011 
03.540 

105.26 
100.87 
102.85 

05.406 
06.620 
93.018 

.64827 
?67256 
.60911 

00.167 
93.540 
84.722 

ERYTHROSIN. 


Number 
of 

lodin. 

Sodium. 

^-(0.000865). 

Number 

of 
batches. 

lodln. 

Sodium. 

Y^-(0.000856). 

batelMB. 

Value. 

Per  cent. 

Value. 

Percent. 

1 

2 

3 

Percent, 
96.915 
97.061 
99.593 
97.780 
97.209 
96.063 
97.035 

Percent, 
73.473 
100.94 
98.277 
97.521 

0.068873 
.094497 
.080630 
.090604 

75.806 
104.00 
98.6C3 
00.724 

8 

0 

Average. 
MaT.?.. 
Min 

Percent. 
06.870 
07.886 

Percent, 
102.00 
103.43 

.096741 
.005906 

105.37 
105.66 

4 

6 ; 

07.052 
00.503 
06.870 

06.777 
103.43 
73.473 

.000204 
.005006 
.068878 

00.146 
106.65 

6 

1     . 

75.805 

7 : 

101.71 

.005220 

104.81 
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Peretnlage$  hated  on  theoretical  compotUion — Continued. 
INDIGO  DISULPHO  ACID. 


Number 
of 

Sulphiir. 

Sodium. 

^*-(0.n906). 

S 

Number 

1        of 

Sulphur. 

Sodium. 

^•-(a7190S>. 

o 

betcbflB. 

Value. 

Percent. 

bAtohes. 

Value. 

Fercee-i- 

Percent. 
97.670 
96.636 
97.600 
96.148 
97.382 

Percent. 
103.330 

98.279 
103.760 

91.936 
106.560 

a  71482 
.69430 
.71832 
.64598 
.73034 

99.433 
96.609 
99.910 
89.848 
102.830 

6 

Average. 
Max.?!. 
Min 

Percent. 
97.818 

Percent. 
109.040 

.7531S 

104.730 

97.042 
97.818 
95.636 

102.149 
109.040 
91.926 

.n099 
.75315 
.64506 

98L73B 
lM.7Si 

8iLS« 

A&SENIC  DETEBMINATIOKS  OK  86  BATCHES. 

During  the  course  of  this  work  it  became  necessary  to  determine 
the  exact  amount  of  arsenic  contained  in  86  of  the  various  batches 
of  certified  colors;  for  this  purpose  the  arsenic  method  of  Seeker  and 
Smith  (see  p.  212)  was  devised.  These  results  are  expressed  in  the 
number  of  parts  of  color  containing  one  part  of  metallic  arsenic  (As). 
Th«  jiumbers  in  parentheses  indicate  the  number  of  specimens  of  the 
quality  indicated. 

Naphthol  Yellow  S  (17  Bpecimens).— 770,000,  833,000,  1,250,000  (2),  1,428,000  (2), 
1,666,000  (3),  2,000,000  (6),  3,333,000  (2). 

Ponceau  (15  epecimens).— 588,000,  625,000,  667,000,  714,000  (2),  769,000  (2). 
1,000,000  (2),  1,111,000,  1,250,000,  1,666,000  (2),  2,000,000,  2,500,000. 

Orange  (7  specimens).— 200,000,  250,000,  588,000,  1,000,000,  1,111,000,  1,429,000, 
5,000,000. 

Amaranth  (27  specimens).— 909,000, 1,000,000, 1,111,000, 1,250,000  (2),  1,438,000  (3 ., 
2,000,000(4),  2,500,000  (4),  3,333,000  (9),  5,000,000  (2). 

Green  (8  specimens).— 166,000, 200,000, 370,000  (2),  500,000, 666,000, 770,000, 833,000. 

£yy(Aro«n  (7  specimens). —2,000,000  (2),  5,000,000  (2),  10,000,000  (2),  20,000,000  (1). 

Blue  (5  specimens).— 285,000,  666,000,  1,428,000,  3,333,000  (2). 

The  United  States  Pharmacopoeia  test  for  arsenic  is  sensitive  to 
0.005  mg  of  arsenious  oxid  (As,0,)  which  on  a  sample  containiog  2 
grams  of  actual  or  real  color  would  amount  to  one  part  of  arsenious 
oxid  in  400,000  of  color;  calculated  to  metallic  arsenic,  the  basis 
employed  in  the  foregoing,  this  would  mean  528,000  parts  of  color  for 
each  one  part  of  metallic  arsenic. 

There  are,  therefore,  in  the  foregoing  86  lots  of  certified  colors 
8  which  did  not  comply  with  that  requirement,  namely: 

Orange  (2  specimens).— 200,000  and  250,000. 

Green  (5  specimens).— 166,000;  200,000;  370,000   (2);  500,000. 

Blue  (1  specimen).— 285,000. 

The  reason  for  this  discrepancy  is  that  in  the  preparation  of  the 
samples  for  analysis  by  the  United  States  Pharmacopoeia  test  a  loss 
of  arsenic  ensued,  which  is  avoided  in  the  Seeker-Smith  method 
now  employed  in  making  these  determinations.    Had  the  existence 
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)f  tJiis  discrepancy  been  proven  at  the  time  the  first  analysis  was 
iiade  certification  would  have  been  denied  to  the  eight  lots  above 
xientioned. 

These  results  further  show  the  position  taken  early  in  the  work 
by  several  of  the  manufacturers — that  a  requirement  of  not  more 
than  1  part  of  metallic  arsenic  in  not  less  than  264,000  parts  of 
[Toal-tar  color  could  not  be  complied  with  on  a  commercial  scale — 
to  be  untenable;  on  this  basis  only  4  out  of  the  86  lots  examined 
would  have  been  excluded.  Fiu*ther,  the  position  of  some  manu- 
Tacturers  and  dealers  that  the  arsenic  requirement  ought,  for  prac- 
tical manufacturing  reasons,  not  to  be  more  rigorous  than  one  part 
of  metallic  arsenic  in  26,400  parts  of  color,  or  1  part  of  arsenious 
oxid  (AsjOj)  per  20,000  parts  of  color,  is  not  borne  out  by  the  data. 

STXGGESTED  BBQUIBBMENTS  FOB  CERTIFIED  COLORS. 

Although  the  material  embodied  in  this  report  gives  a  very  good 
idea  of  the  composition  and  quality  of  substantially  30  different 
lots  of  permitted  colors  prior  to  the  issuance  of  Food  Inspection 
Decisions  Nos.  76  and  77,  and  of  74  lots  of  certified  colors,  yet  these 
data  are  hardly  suflicient  to  furnish  a  basis  for  standards  with  which 
each  color  specimen  must  comply  in  detail.  The  fitness  or  unsuit- 
ability  of  any  lot  has  been  determined  by  the  examination  of  the 
analytical  data  obtained  thereon  in  the  Food  and  Drug  Inspection 
Laboratory  at  New  York;  such  examination  has  been  applied  to 
the  particular  color  imder  investigation  with  respect  to  its  general 
relationship  to  the  results  theretofore  achieved.  If  in  some  minor 
quality,  as,  for  example,  freedom  from  salt,  the  sample  was  not  up  to 
what  had  been  previously  accomplished,  but  in  a  major  quality,  as 
for  example,  ether  extractive,  it  was  equal  to  or  better  than  what 
had  been  previously  accomplished,  and  the  pharmacopceial  tests  for 
arsenic  and  heavy  metals  were  satisfied  with  the  exception  of  iron, 
and  the  amoimt  of  iron  was  within  the  limit  previously  stated, 
0.005  per  cent,  and  the  other  factors  showed  a  fairly  close  conformity, 
such  a  defect  as  its  salt  content  would  not  act  as  a  bar  to  the  pass- 
ing of  the  lot;  however,  no  matter  how  good  a  color  might  be  in 
respect  to  such  determinations  as  ether  extractive,  if  it  failed  to 
comply  with  the  United  States  Pharmacopoeia  requirement  for 
arsenic  or  for  heavy  metals  it  was  not  accepted. 

These  arsenic  results  have  been  tabulated  to  show  the  distribution 
of  arsenic  content  (AsjOj);  the  nmnbers  at  the  top  are  the  Green 
Table  nmnbers;  the  nmnbers  in  the  body  of  the  table  indicate  the 
number  of  specimens  of  the  arsenic  content  stated  in  the  fibrst  colimm; 
the  last  colmnn  shows  the  totals  of  all  colors  of  the  arsenic  content 
(AsjOg)  corresponding  thereto. 
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Araenic  eonierU  of  86  lots  of  certified  colon. 


Anenlo 
ooatent. 

Oreen  Table  nombeES. 

TotaL 

4 

66 

85 

107 

435 

517 

602 

Ipwtln— 

M26,200 

1161,000 

1151,500 

1180,300 

1215,900 

1280,300 

1378,700 

445,400 

473,500 

604.000 

606,300 

640,900 

682,500 

683,300 

631,000 

688,700 

757,600 

11,000 

16,900 

U,000 

£2,000 

»,000 

S2.000 

15,000 

»,000 

24,000 

^,000 

^7,000 

SO,  000 

»1 

1 
1 
1 
1 
1 
2 
1 
2 
1 
2 
1 
2 
2 
2 
2 
1 
4 
3 
5 
3 
1 
3 
5 

13 
5 

13 
5 
2 
1 

11 
11 

11 

12 
11 

1 

1 

1 

1 

1 

1 

1 
2 
2 

1 
1 

1 

1 
1 
2 

"2" 
2 

2 
1 

1 

1 
1 

1 

1 

3 

...... 

3 
0 

'  2" 

2 
1 

1 

4 

4 
9 
2 

2 

2 

1 

2 
2 

I 

17 

15 

7 

27 

8 

7 

5 

86 

1  Tbe  oertiflcation  of  these  lots  was  due  to  an  unknown  souixx  of  error  in  the  analytical  tmikmA;  tbi 
analyses  made  at  that  time  (July,  1900),  showed  lees  than  1  part  of  AstOi  per  400,000;  see  also  pa^e  2M. 

It  is  therefore  somewhat  premature  to  attempt  to  define  ligidlT 
the  requirements  for  composition  and  purity  for  colors  imtil  a  suffi- 
cient number  of  analyses  is  available  to  permit  a  hard-and-fast  line 
to  be  drawn  for  each  item  as  required  for  each  color.  Until  that 
time  the  decision  as  to  whether  or  not  a  certain  color  shall  be  cer- 
tified must  rest  with  the  Department  of  Agriculture.  However, 
the  following  requirements  are  tentatively  su^ested  as  being  com- 
mercially practicable.  It  should  be  dearly  understood  that  the  ten- 
tative requirements  here  stated  are  based  on  the  results  of  actual 
control,  and  are  not  any  more  searching  or  numerous  thaa  are  the 
requirements  for  many  if  not  most  of  the  coal-tar  dyes  or  their  c<mi- 
ponent  parts  in  the  industrial  arts,  particularly  for  the  various  kin<fe 
of  paint,  varnish,  and  ink  making.  While  it  may  be  that  some  of  the 
tentative  requirements  herein  defined  necessitate  the  expenditure  of 
considerable  work  and  time,  yet  that  is  also  true  of  some  of  the 
commercial  requirements.  Since  manufacturers  of  cheap  paints, 
varnishes,  inks,  and  the  like,  find  it  wise  and  necessary  carefuUy  to 
control  the  quality  of  the  coal-tar  dyes  or  their  component  parts 
which  they  use,  it  can  not  be  less  wise  or  necessary  to  extend  the 
same  kind  of  quality  control  to  those  coal-tar  dyes  intended  and  sold 


Digitized  by 


Google 


ANALYSES  OF  CEETIFIED  PEEMITTED  COLOBS. 


207 


for  hiunan  consumption  as  food.  This  stand  is  fully  justified  by  the 
quality  of  the  coal-tar  dyes  offered  as  food  colors  on  the  United  States 
markets  as  described  in  the  foregoing  pages.  That  such  control  is 
not  only  practical,  but  practicable,  is  fully  proved  by  the  fact  that 
more  than  20.5  tons  (41,000  pounds)  of  coal-tar  food  dyes  have  been 
so  controlled,  examined,  and  certified  imder  the  food  inspection  deci- 
sions hereinbefore  mentioned. 

The  figures  are  expressed  in  parts  per  himdred  of  actual  color 
contained  in  the  dye  and  not  in  parts  per  himdred  of  the  total 
substance.  The  numbers  at  the  head  of  the  columns  are  the  num- 
bers in  the  Green  Tables. 

Tentative  limit$  of  composition  suggested  for  permitted  colors, 
(Parts  per  hundred  of  actual  color.) 


DeterminatioDS. 

• 

Green  Tables  numbers. 

4 

56 

85 

107 

435 

517 

602 

IiMohibler. 

Total 

0.070 
.040 

.017 
.004 
.060 
.600 

a270 
.150 

.090 

.015 

.017 

5.000 

0.250 
.050 

.150 

.035 

.060 

2.000 

0.130 
.050 

.030 

.005 

.010 

2.500 

0.030 
.010 

.040 
.006 
.008 
.600 

0.000 
.020 

.035 
.002 

".466* 

0.450 

Nonvolatile  on  ignition 

.250 

Ether  extractives: 

NeatraL 

.100 

Alkatin^^    

.030 

Aoid       

.150 

Common  salt. .  ^ 

3.000 

In  addition  to  these  there  are  the  following  requirements  applicable 
to  all  colors: 

1.  The  absence  of  admixed  dye  must  be  convincingly  demonstrated  by  suitable 
lest. 

2.  Arsenic,— Test  17  of  the  United  States  Pharmacopoeia,  1900,  applied  to  so  much 
of  the  specimen  as  represents  3.5  grams  of  actual  dye  must  give  a  n^^ative  response. 
Such  negative  result  must  be  reenforced  by  a  check  test  identical  with  the  test  on  the 
dye  with  the  addition  of  0.005  mg  of  arsenic  (As^O,)  to  the  dye  prior  to  treatment, 
and  this  check  test  must  produce  a  positive  result  for  the  presence  of  arsenic.  Igni- 
tions in  the  preparation  of  the  material  for  the  test  must  be  made  in  porcelain. 

Any  other  mode  of  testing  which  is  demonstrated  to  be  capable  of  detecting  0.005 
mg  added  arsenic  (AsjO,)  in  so  much  of  the  specimen  as  represents  3.5  grams  of  actual 
color  will,  of  course,  be  accepted.  This  quantity,  however,  is  only  tolerated  tenta- 
tively pending  further  investigations  relative  to  the  complete,  or  practically  com- 
plete, elimination  of  arsenic  from  foods,  especially  those  which  are  largely  used  by 
children,  such  as  candies. 

3.  Heavy  metals,— Test  121  of  the  United  States  Pharmacopoeia  aa  revised  May  1, 
1907,  using  so  much  of  the  specimen  as  represents  one  part  of  actual  dye  must  give  a 
negative  response  fw  all  metals  except  iron,  which  may  be  present  in  amounts  not  in 
excess  of  0.005  per  cent  of  iron  based  on  the  dye  actually  present  in  the  specimen. 

4.  None  of  the  dyes  offered  for  certification  shall  contain  any  Glauber's  salt  or 
sodium  sulphate  in  any  form,  nor  shall  they  contain  any  added  sugar,  dextrin,  or 
other  loader,  filler,  or  reducer  for  any  purpose  whatsoever,  and  convincing  proof  of  the 
absence  of  any  or  all  of  them  must  be  submitted. 
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5.  The  ether  extractives  are  to  be  made  succeeBively  upon  water  solutiooB  ol  the 
dye,  first  neutral,  then  made  alkaline  with  caustic  soda,  and  then  made  add  with 
hydrochloric  acid,  using  washed  or  sodium,  dried  ether. 

6.  The  sulphur  content  of  the  sulphur-containing  dyes  must  agree  subetandaDy 
with  the  theoretical;  likewise  the  sulphated  ash  figures  of  all  must  agree  substantially 
with  the  theoretical ;  variations  between  these  two  sets  of  figures,  as  long  as  they  are 
consistent  with  each  other,  will  not  be  reason  for  rejection. 

7.  In  the  case  of  No.  4  proof  must  be  submitted  showing  that  the  specimen  is  ol  the 
sodium  or  potassium  variety,  and  if  it  is  a  mixture  of  these  two  varieties  the  proportioD 
of  each  present  in  the  mixture  must  be  stated. 

8.  In  the  case  of  No.  56  the  crude  cumidin  employed  may  have  a  boiling  point  ol 
from  220**  to  230^  C,  and  may  be  liquid  or  solid;  the  absence  of  any  compound  oi 
S  or  G  salt  must  be  convincingly  shown. 

9.  In  the  case  of  No.  85  convincing  proof  must  be  submitted  that  beta-naphthol 
ocange  if  present  at  all  is  present  in  an  amount  not  in  excess  of  5  per  cent  of  the  coal- 
tar  dye  present. 

10.  In  the  case  of  No.  107  the  absence  of  any  compoimd  of  S  or  G  salt  must  be 
convincingly  shown. 

11.  In  the  case  of  No.  435  the  product  should  be  free  from  calcium;  convincing  proof 
of  absence  of  No.  434  must  be  submitted. 

12.  In  the  case  of  No.  517  the  actual  dye  must  contain  not  leas  than  56  per  cent  d 
iodin  (sodium  basLs)  and  must  not  contain  any  other  halogen;  the  kind  and  amount 
of  metallic  base,  whether  sodiimi,  potassium,  or  the  like,  must  be  shown. 

13.  In  the  case  of  No.  692  the  absence  of  indigo  monosul phonic  acid  and  of  nonsul- 
phonated  indigo  must  be  convincingly  shown. 

14.  Each  foundation  certificate  must  be  filed  in  duplicate,  but  need  not  be  executed 
in  duplicate  and  mus^  contain  a  summarized  or  tabulated  statement  of  all  the  quan- 
titive  results  contained  in  the  certificate,  also  a  tabulation  or  summary  of  the  quali- 
tative tests  made,  together  with  the  results  of  such  tests,  all  stated  on  one  ahek,  so 
that  the  certificate  will  bear  within  itself  its  own  summary  and  conclusions. 

15.  The  fundamental  analytical  data  must  be  given  with  such  fullness  as  to  pennit 
efiSoient  checking  of  the  calculations,  and  the  arithmetical  operations  performed 
should  be  indicated  wherever  needful  to  avoid  confusion,  or  to  facilitate  the  work  of 
the  checking  chemist,  or  make  the  meaning  of  the  certificate  more  plain. 

There  are  freely  quoted  in  the  United  States  market  two  substances, 
paranitranilin  and  betanaphthol,  which  are  subject  to  much  com- 
petition, the  prices  for  which,  wholesale,  are  not  far  from  25  cents 
and  9  cents,  respectively.  A  specimen  of  each  has  been  examined, 
and>  as  before  stated,  they  have  both  been  found  to  be  of  such 
purity,  with  respect  to  arsenic,  heavy  metals,  and  general  cleanliness, 
that  had  they  been  capable  of  use  in  food  products,  no  objection 
against  their  use  on  this  score  could  reasonably  be  raised;  certainly 
no  such  objection  could  be  successfully  maintained. 

The  following  table  discloses  the  chemicals  entering  into  the  numu- 
facture  of  paranitranilin  and  of  betanaphthol,  as  well  as  of  each 
of  the  seven  permitted  colors;  the  ingredients  numbered  1  to  7  are 
used  in  the  manufacture  of  these  two  substances,  as  well  as  in  the 
seven  permitted  colors,  as  indicated  by  the  "x''  entries;  ingredients 
8  to  20  are  used  only  in  tlie  manufacture  of  the  seven  permittod 
colors,  and  not  in  paranitranilin  and  betanaphthol. 
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Comparison  of  t^iemicals  entering  into  the  composition  of  the  seven  permitted  colors  and 
qf  paranitranilin  cmd  oetanaphihoL 


T>ntnnnlnatlom. 

4. 

Nap. 

thol 

Yellow 

8. 

• 

56. 

Pon- 
oeaa 
3R. 

85. 

107. 

Ama- 
ranth. 

435. 

Light 
Green. 

517. 

Ery- 
thn>- 
Bin. 

092. 
Indleo 
dimS- 

pho 

Mid. 

Paranl- 
trani- 
line. 

Beta- 

naph- 
thoL 

1,  w^^rhtTrnfmi^. . . 

X 

X 
X 
X 
X 
X 
X 
X 

X 

x'  ' 

X 
X 
X 
X 

X 
X 
X 

X 

X 
X 

X 
X 
X 
X 
X 

X 

%  Bfmi^I 

8.  Snlpharic  acid 

z 
z 

X 

4.  Nimoacld 

f .  If^tAllk  Iron .  . 

6.  Aoetioacld 

X 

X 
X 

7.  Oaostio  soda  or  potash... 

X 

X 

9.  0arboiiat6  of  Mda^ 

X 
X 

X 
X 
X 
X 
X 
X 

X 
X 

X 

X 
X 

X 
X 

10.  Wood  or  methyl  alcohol. 

IV  TJtiw....        , 

X 
X 
X 

X 

X 

U.  Hydrochloric  acid. 

13.  Sodium  nitrite 

M.  Ethyl  ohlorid 

X 

X 
X 

15.  Feroxld  of  lead  or  of 
maruranefftt 

• 

i«.PhSSgS!!: 

17.  lodin. 

X 
X 
X 

19.  MetallioiDeroury.. 

X 

W,  ?>rtTU>chk>rld,.. 

90.  CSilorin 

X 

6 

13 

11 

11 

10 

9 

10 

5 

3 

With  respect  to  the  arsenic  content  of  the  finished  product,  it  can 
be  asserted,  without  any  fear  whatever  of  successful  contradiction, 
that  the  arsenic  finds  its  way  into  the  goods  by  way  of  the  sulphuric 
acid  which  is  used  in  the  manufacture  of  all  the  permitted  colors,  as 
well  as  in  the  manufactiu^  of  Paranitranilin  and  Betanaphthol.  If 
arsenic  from  this  source  can  be  kept  out  of  these  substances  it  can 
also  be  excluded  from  the  permitted  colors. 

Turning  now  to  those  ingredients  below  the  pandlel  lines,  the  only 
means  of  introducing  arsenic  would  be  through  the  hydrochloric  acid 
used,  which  in  turn  derives  its  arsenic  from  the  sulphuric  acid  used 
in  its  manufacture,  and  since  arsenic  free-sulphuric  acid  can  be  used 
in  the  first  stages  of  producing  the  seven  permitted  colors  and  the 
paranitranilin  and  betanaphthol,  it  can  also  be  employed  in  the  manu- 
factvue  of  the  hydrochloric  acid  used  in  the  subsequent  stages  of 
manufactiu^  of  the  seven  permitted  colors.  Therefore,  it  seems 
unreasonable  to  permit  a  higher  arsenic  content  in  food  colors  than 
in  paranitranilin  and  betanaphthol,  which  are  sold  in  open  com- 
petition, and  which  are  used  for  the  production  of  the  very  cheapest 
colored  cloths,  inks,  and  paints. 

With  reference  to  the  content  of  iron,  and  other  heavy  metals, 
which  satisfied  the  pharmacopoeial  tests  in  the  case  of  paranitranilin 
tnd  betanaphthol,  these  materials  probably  enter  the  product  from 
the  vessels  in  which  the  manufacturing  operations  are  performed. 
The  same  kind  of  vessel  used  in  the  maniirfacture  of  paranitranilin 

97291**— BuU.  147—12 ^14 
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and^betanaphthol  is  used  in  making  the  seven  pennitted  colors,  and 
since  the  heavy  metals  can  be  and  are  kept  out  of  these  two  substances 
to  the  extent  required  by  the  Pharmacopoeia,  there  seems  to  be  no 
good  reason  why  they  should  not  be  kept  out  of  the  seven  pennitted 
colors  when  made  for  use  in  food  products. 

Since  all  these  defects  in  the  seven  permitted  colors  can  be  obviated 
in  their  first  stage  of  manufacture  (as  is  shown  in  the  case  of  para- 
nitranilin  and  betanaphthol,  and  in  some  actual  commercial  samples 
of  1907,  see  sections  XIV  and  XV),  they  are  commercially  avoidable 
at  subsequent  stages  of  manufacture,  and  there  is  no  good  reason  why 
they  should  be  then  introduced. 

Xm.  METHODS  OF  AVALTSIS  ITSED  HT  TESTDTO  COLOSS  FOB 

CEBTIFICATIOV. 

IN  TKODTTOTIOK. 

The  exact  analytical  methods  developed  and  tested  in  the  New 
York  Food  and  Drug  Inspection  Laboratory  and  used  in  obtaining 
the  analytical  data  contained  in  the  preceding  chapter  are  described 
in  the  following  pages.  These  descriptions  were  written  by  A.  F. 
Seeker,  of  that  laboratory,  under  whose  immediate  supervision  all  the 
laboratory  work  was  done,  and  they  represent  a  great  deal  of  wori^, 
extending  over  more  than  three  years.  The  methods  are  submitted 
in  the  hope  and  expectation  that  in  their  wider  application  by  a  laiger 
number  of  chemists  any  defects  in  the  methods  or  conclusions  drawn 
from  the  results  will  be  detected  and  rectified.  Experience  in  the 
New  York  laboratory  has  shown  that  even  different  chemists  of 
varying  d^rees  of  experience  in  this  particular  line  of  work  obtain 
concordant  duplicates  after  a  comparatively  short  laboratory 
acquaintance  with  these  methods. 

The  identity  of  these  colors  and  their  freedom  from  foreign  dyes  is 
shown  by  the  close  agreement  of  their  elements,  as  determined  by 
analysis,  with  their  theoretical  composition;  their  behavoir  toward 
reagents  as  given  by  standard  works  on  dyes;  their  distribution 
between  the  layers  when  neutral,  alkaline,  and  acid  aqueous  solutions 
are  shaken  with  various  immiscible  solvents;  imiformity  of  shade  in 
the  spots  produced  by  particles  of  the  dry  color  blown  over  the  surface 
of  wet  filter  paper,  or  water,  and  over  concentrated  sulphuric  add; 
uniformity  of  shade  produced  by  a  0.5  per  cent  dyeing  on  wool  under 
standard  conditions,  with  similar  dyeings  from  fractions  produced  by 
partial  precipitation,  by  partial  salting  out,  by  fractional  crystalliza- 
tion, and  by  extraction  with  alcohol  or  some  liquid  in  which  the  pure 
color  is  not  very  soluble;  and  the  behavior  of  the  dye  in  acid  and 
alkaline  solution  toward  cotton.  Which  of  these  tests  are  needed  to 
prove  conclusively  the  identity  of  certain  dyes  or  to  establish  theb 
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absence,  is  a  matter  that  varies  so  much  from  case  to  case  that  it  must 
be  left  largely  to  the  individual  judgment  to  decide  on  the  best  com- 
bination of  tests,  and  for  that  reason  such  combinations  are  not  here 
offered.  The  general  methods  and  procedures  just  outlined  have, 
however,  when  properly  combined,  led  to  satisfactory  results. 

In  order  to  compare  the  results  of  the  color  analyses  on  the  same 
basis,  the  actual  figures  obtained  in  the  various  determinations 
besides  being  reported  as  found,  are  also  recalculated  on  a  basis  of 
100  parts  of  actual  color,  i.  e.,  the  sum.  of  the  percentages  of  material 
which  is  not  coloring  matter,  such  as  moisture,  total  insoluble  matter, 
sodium  chlorid,  sodium  sulphate,  and  ether  extractives  is  deducted 
from  100  and  the  percentages  of  the  various  constituents  found 
clivided  by  the  difference,  the  quotient  being  then  multiplied  by  100. 
The  percentage  of  sodium  in  actual  dye  is  calculated  from  the  sul- 
phated  ash.  The  methods  of  analysis  of  the  seven  permitted  colors 
of  Food  Inspection  Dedsion  No.  76  are  given  in  the  following  order: 


1.  Naphthol  YeUow  8. 

2.  Ponceau  3R. 

3.  Orange  I. 

4.  Amaranth. 


5.  Light  Green  S  F  Yellowiah. 

6.  Erythrosin. 

7.  Indigo  Dicnilphoacid. 


NAFHTHOL  YBLLOW  S. 

MOISTURE. 


Dry  from  1  to  2  grams  of  the  finely  powdered  dye  in  an  air  oven  at 
120^  to  126*"  C.  to  constant  weight. 

TOTAL  INSOLUBLE  MATTEB. 

Dissolve  5  grams  of  color  in  200  cc  of  hot  distilled  water,  filter 
through  a  tared  gooch,  wash  till  the  washings  run  through  colorlesSi 
diy  the  insoluble  residue  at  105®  C,  and  weigh. 

NONVOLATILB   OR  INORGANIO  INSOLUBLE  MATTER. 

Ignite  the  gooch  containing  the  insoluble  matter  of  the  last  deter- 
mination at  a  low  red  heat,  cool,  and  weigh. 

SODIUM   CHLORID. 

Dissolve  3  to  5  grams  of  dye  in  200  cc  of  water,  acidify  the  solution 
with  nitric  acid,  and  precipitate  the  chlorin  as  silver  chlorid.  The 
latter  is  separated,  washed,  ignited,  and  weighed  in  a  tared  gooch 
crucible  in  the  usual  way. 

SODIUM  SULPHATE. 

Dissolve  1  gram  of  dye  in  about  100  cc  of  water  in  a  200-cc  gradu- 
ated flask,  add  40  cc  of  a  20  per  cent  solution  of  potassium  chlorid, 
shake  the  mixture  well,  make  up  to  mark  with  water,  shake  again, 
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and  then  filter  through  dry  paper.  Treat  100  cc  of  the  filtrate  (repre- 
senting 0.5  gram  of  dye)  with  5  cc  of  10  per  cent  barinni  chlorid  solu- 
tion without  acidifying,  and  aUow  to  stand  overnight.  If  a  precipi- 
tate forms,  it  is  filtered,  washed,  ignited,  and  weighed  in  the  usual 
way. 

HEATT  METALS. 

Treat  the  sulphated  ash  from  1  gram  of  the  sample  with  20  cc  of 
water,  digest  with  10  cc  of  10  per  cent  hydrochloric  acid  till  solution 
is  complete,  place  3  cc  of  the  mixture  in  a  test  tube,  add  10  cc  of  freshly 
prepared  hydrogen  sulphid  test  solution  (U.  S.  P.),  shake  the  mixture, 
warm  to  50^  C,  stopper,  and  allow  to  stand  in  a  warm  place  (at  about 
35^  C.)  for  half  an  hour.  Run  a  blank  test  at  the  same  time,  with 
the  same  amount  of  hydrogen  sulphid  solution,  using  water  instead 
of  the  solution  containing  the  color  ash.  No  turbidity  other  than 
that  sometimes  produced  by  slight  separation  of  sulphxu*  should 
appear  in  this  test.  Both  tubes  are  then  made  slightly  alkaline 
with  ammoniimi  hydroxid,  and  no  precipitate  should  be  produced, 
although  a  slight  coloration,  due  to  the  presence  of  a  small  amount 
of  iron,  sometimes  occurs.  If  this  coloration  is  very  mailed  the 
amount  of  iron  should  be  determined.  This  is  done  by  digesting  the 
sulphated  ash  from  a  weighed  amount  of  the  sample  with  hydrochloric 
acid  until  all  of  the  iron  has  gone  into  solution.  The  solution  is 
filtered,  and  the  filtrate  poured  into  an  excess  of  hot,  pure,  freshly 
prepared  sodiimi  hydroxid  (by  sodium)  solution  in  a  platinimi  dish. 
The  precipitate  is  washed,  dissolved  in  dilute  hydrochloric  acid,  and 
again  precipitated  with  ammonium  hydroxid.  The  last  precipitate 
is  washed,  ignited,  and  weighed  in  the  usual  manner. 

ARSENIO    (seeker  AND  SMITH's  METHOD). 

Dissolve  10  grams  of  the  dye  in  200  cc  of  water,  heating  to  insure 
complete  solution  of  the  color,  add  about  10  cc  of  strong  bromin  water 
to  convert  any  arsenite  to  arsenate.  Make  the  mixture  alkaline 
with  a  few  cubic  centimeters  of  strong  ammonium  hydroxid. 
Twenty  cubic  centimeters  of  a  sodium  phosphate  solution  containing 
100  grams  of  crystallized  sodium  phosphate  per  hter  are  next  added 
from  a  pipette,  after  which  magnesia  mixture  (containing  55  grains 
of  hydrated  magnesium  chlorid,  55  grams  of  anmionium  chlorid, 
and  88  cc  of  ammonium  hydroxid,  specific  gravity  0.9  per  Uter)  is 
added  from  a  burette,  stirring  vigorously.  The  amount  of  mag- 
nesia added  should  be  in  slight  excess  of  that  necessary  completely  to 
precipitate  the  phosphate  and  should  previously  be  ascertained  by 
blank  experiment*  Then  add  10  cc  of  ammonium  hydroxid  (specific 
gravity  0.90),  and  allow  the  whole  to  stand  for  at  least  three  hours; 
separate  the  precipitate  by  filtration  and  wash  it  free,  or  nearly  so,  of 
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dye  with  ammonium  hydroxid  containing  one-tenth  its  voliime  of 
ammonia  (specr&c  gravity  0.90).  Dissolve  the  precipitate  from  the 
paper  with  1 : 1  nitric  acid,  the  washings  being  collected  in  a  large 
porcelam  crucible;  add  5  cc  of  sulphuric  acid  to  the  contents  of  the 
crucible,  and  evaporate  the  whole  almost  to  dryness.  It  is  not  nec- 
essary that  the  solution  should  be  colorless  at  this  point,  a  brown 
colored  solution  giving  equally  accurate  results.  Add  20  cc  of  water 
to  the  residue  in  the  crucible  and  then  10  cc  of 
a  saturated  solution  of  sulphur  dioxid;  evapo- 
rate the  solution  to  a  sirupy  consistency  to 
remove  the  sulphur  dioxid,  and  then  take  up 
in  20  cc  of  water  and  place  in  a  30-cc  evolution 
bottle,  add  5  cc  of  concentrated  sulphuric  acid, 
and  determine  the  arsenic  in  the  form  of  appa- 
ratus (fig.  1)  used  by  Bishop  in  his  modification 
of  the  Gutzeit  test,  the  stains  obtained  being 
compared  with  those  given  by  known  amounts 
of  arsenic. 

The  apparatus  used  by  Bishop  consists  of 
the  following  parts:  A  30-cc  salt  mouth  evo- 
lution bottle  into  which  is  fitted  a  one-hole 
rubber  stopper  carrying  a  glass  tube  6.5  cm 
long  with  an  internal  diameter  of  1  cm,  this 

tube  in  turn  being  provided  with  a  one-hole 
rubber  stopper  fitted  with  another  tube  of  the 
same  diameter  and  6.5  cm  long,  the  diameters 

of  both  tubes  being  constricted  at  the  points  at 

which  they  are  inserted  in  the  rubber  stoppers. 

A  third  glass  tube  15  cm  long,  having  an  in- 
ternal diameter  of  2.5  mm,  is  fitted  into  the 

second  at  its  upper  end  by  means  of  a  rubber 

stopper.    The  first  tube  contains  a  strip  of  filter 

paper  which  has  been  saturated  with  a  5  per 

cent  solution  of  lead  acetate  and  dried.    The 

second  tube  contains  a  loosely  packed  plug  of 

cotton-wool  freshly  moistened  with  a  1  per  cent  fio.  i.-Apparatus  tor  the 

solution  of  lead  acetate.      Into  the  topmost  tube       determination  of  anenlo. 

is  inserted  the  strip  of  sensitized  paper  to  receive  the  arsenic  stain.  The 
arsin  is  generated  by  introducing  into  the  evolution  bottle  six  pieces  of 
Kahlbaum's  stick  zinc  (arsenic-free  for  forensic  purposes)  weighing 
in  all  about  8  grams,  and  to  assist  in  an  active  and  constant  evolution 
of  gas  a  disk  of  platinum  is  also  placed  in  each  bottle  to  form  an  elec- 
trolytic couple.  The  evolution  of  gas  is  allowed  to  proceed  for  one 
hour.  The  stains  are  produced  on  strips  of  hard  pressed  white  paper 
(2  mm  wide  and  120  mm  long)  that  has  been  sensitized  by  being 
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dipped  in  a  5  per  cent  alcoholic  solution  of  mercuric  cMorid  and  AeQ 
dried.  (Note. — It  has  recently  been  found  tiiat  mercuric  bromidyieldB 
stains  that  are  more  evenly  distributed  and  also  produces  standards 
that  are  incomparably  more  permanent.)  For  purposes  of  com- 
parison it  is  better  not  to  deydop  the  strips  stained  by  the  arsin, 
though  some  prefer  to  dip  the  stains  in  ammonium  hydroxide  which 
causes  them  to  become  black.  A  blank  is  run  with  each  set  ct 
determinations. 

BTnEB  EXTBAOTXYES. 

Dissolve  10  grams  of  color  in  150  cc  of  water  and  extract  in  a  separa- 
tory  fimnel  with  ether  that  has  been  washed  with  water  (using  three 
160  cc  portions  of  water  for  each  Uter  of  ether).  Extract  the  coIot 
solution  with  two  100  cc  portions  of  this  ether,  shaking  thorough 
for  one  minute,  and  wash  the  combined  ether  extract  successiYdy 
with  35,  20,  and  10  cc  of  water  made  alkaline  or  acid,  as  the  case 
requires,  with  1  cc  of  tenth  normal  alkali  or  acid  per  100  cc  of  water. 
Decant  the  ether  from  the  mouth  of  the  separatory  and  rinse  the  funnd 
once  with  5  cc  ether.  The  color  solution  is  first  extracted  neutral, 
the  extracted  solution  being  then  rendered  alkaline  with  2  cc  of  a  10 
per  cent  solution  of  caustic  soda  and  again  extracted  with  two  100-ee 
portions  of  ether.  In  acidifying  for  the  third  extraction,  add  twice 
the  amount  of  hydrochloric  acid  (1  to  3)  necessaiy  to  neutralize  the 
alkaU,  and  repeat  the  extraction  with  two  100-cc  portions  of  ether. 
Place  the  neutral,  alkaline,  and  acid  extracts  in  a  dust-free  atmospheroy 
and  allow  the  ether  to  evaporate  spontaneously,  after  which  dry  the 
residues  to  constant  weigh  over  sulphuric  acid,  using  flat-bottomed 
dishes  2}  inches  in  diameter,  1}  inches  in  height,  and  of  about  100  oc 
capacity.  The  dishes  should  be  thoroughly  cleaned,  wiped  dry,  and 
allowed  to  stand  in  a  sulphuric  acid  desiccator  at  least  two  hours 
before  weighing.  In  order  to  avoid  the  generation  of  static  chaiges 
of  electricity,  they  should  not  be  wiped  immediately  before  weighing. 
Run  two  blank  determinations  with  each  series  of  ether  extracts,  and 
deduct  the  average  gain  in  weight  of  these  two  blanks  from  the  weights 
obtained  in  the  other  determinations. 

SULPHATED  ASH. 

Weigh  accurately  0.5  to  1  gram  of  the  color  into  a  wide  platinum 
dish,  moisten  with  concentrated  sulphuric  acid,  and  ignite  cautiously, 
avoiding  spattering;  moisten  the  residue  repeatedly  with  sulphuric 
acid  and  ignite  until  all  the  carbon  is  removed  and  a  white  or  reddish 
ash  is  obtained.  This  is  finally  ignited  at  a  fairly  bright  red  heat, 
cooled,  and  weighed.  The  aqueous  solution  of  this  ash  should 
be  neutral  to  litmus,  and  may  be  used  in  a  quantitative  test  for 
potassium. 
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CALCIUM. 

Digest  the  residue  from  the  sulphated  ash  determination  with 
hydrochloric  acid^  render  the  solution  alkaline  with  ammonium 
hydroxid,  filter,  and  precipitate  the  calcium  in  the  filtrate  with  ammo- 
nium oxalate.  The  precipitate  of  calcium  oxalate  is  filtered  on  a 
tared  gooch,  washed,  dried  at  100^  C.  and  weighed  as  calcium  oxalate, 
the  calcium  being  calculated  from  the  formula  CaC204.H20.  This 
method  is  applicable  only  in  cases  where  the  amoxmt  of  calcium  is 
Tery  small.  When  the  amount  exceeds  0.5  per  cent  it  should  be 
determined  by  digesting  the  sulphated  ash  with  ammonium  sulphate 
solution  made  acid  with  hydrochloric  acid,  and  precipitating  the  iron 
by  an  excess  of  ammonium  hydroxid.  The  precipitate  is  washed, 
dissolved  in  hydrochloric  acid,  and  reprecipitated,  the  filtrate  and 
washings  being  added  to  those  obtained  from  the  first  precipitate. 
The  calcium  is  precipitated  in  the  combined  filtrates  with  ammonium 
oxalate,  the  oxalate  being  filtered,  washed,  ignited,  and  weighed  in 
the  usual  way;  the  residue  is  weighed  as  oxid  after  ignition  to  bright 
redness. 

SULPHUB. 

Determine  upon  0.2  to  0.3  gram  portions  by  the  Carius  method 
(Qattermann,  Practical  Methods  of  Organic  Chemistry,  1901,  p.  81), 
using  3  cc  of  fuming  nitric  acid  (sp.  gr.  1.6),  and  heating  the  sealed 
tubes  to  300^  C.  for  at  least  eight  hours. 

NITEOGEN, 

Use  the  method  of  Dumas  (Gattermann,  Practical  Methods  of 
Organic  Chemistry,  1901,  p.  85). 

POKOEATT  SB. 

MOISTURE. 

Dry  1  to  2  grams  of  the  finely  groimd  dye  at  109®  to  llO^.C.  in  a 
current  of  dry  hydrogen  to  constant  weight. 

TOTAL  INSOLX7BLE   MATTER. 

Determine  as  under  Naphthol  Yellow  S,  page  211. 

NONVOLATILE  OR  INORGANIC   INSOLUBLE  MATTER. 

Determine  as  imder  Naphthol  Yellow  S,  page  211. 

SODIXTM  OHLORID    (SEEKER  AND  MATHEWSON's  METHOD). 

Mbc  2  grains  of  dye  thoroughly  with  from  2  to  3  grams  of  sodium 
carbonate,  moisten  with  water  to  form  a  paste,  again  mix,  dry,  and 
Ignite  at  a  low  red  heat.    By  moistening,  drying,  and  reigniting  a 
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more  complete  destruction  of  organic  matter  is  obtained.     Break  up 
the  charred  mass,  introduce  into  a  200-cc  graduated  flask  with,  about 
100  to  150  cc  of  hot  water,  and  add  an  excess  of  potassium  perman- 
ganate to  oxidize  stdphids.    Destroy  the  excess  of  permanganate  by 
adding  stdphur  dioxid  solution  imtil  the  red  color  changes  to  brown, 
then  cool  the  mixture  and  make  up  to  the  mark  with  water.     Filter 
through  a  dry  paper,  acidify  100  cc  of  the  filtrate  with  nitric  acid, 
and  precipitate  the  chlorin  as  silver  chlorid  by  the  addition  of  sflver 
nitrate.    If  the  solution  should  be  brownish  from  a  trace  of  origanic 
matter  the  silver  chlorid  does  not  readily  coagulate  and  tends  to  pass 
through  the  filter.    In  this  case  a  few  drops  of  potassium  permanganate 
solution  are  added  to  this  acid  mixture,  the  organic  matter  being 
almost  instantly  oxidized.    The  mixture  is  then  decolorized  with  a 
few  drops  of  sulphur  dioxid  solution,  the  silver  chlorid  is  separated  on 
a  tared  gooch,  washed,  ignited,  and  weighed  in  the  iisual  manner. 
The  following  method  may  also  be  used  for  Ponceau  3R: 
Dissolve  5  grams  of  the  dye  in  16C  cc  hot  water,  wash  into  a  250-cc 
graduated  flask,  and  add  25  cc  of  a  10  per  cent  solution  of  barium 
nitrate.    Cool  the  mixture,  make  up  to  the  mark,  and  filter  through  a 
dry  paper;  acidify  100  cc  of  the  filtrate,  representing  2  grams  of  color, 
with  nitric  acid,  and  treat  with  silver  nitrate  solution,  the  precipi- 
tated silver  chlorid  being  separated,  washed,  ignited,  and  weighed  in  a 
tared  gooch  crucible  in  the  usual  way. 

SODnni  SULPHATE. 

Dissolve  2  grams  of  dye  in  100  cc  of  hot  water,  wash  into  a  200-cc 
graduated  flask,  add  50  grams  of  pure  soditim  chlorid,  cool,  and  make 
up  to  the  mark  with  water.  Filter  through  a  dry  filter,  dilute  100  cc 
of  the  filtrate  to  300  cc,  acidify  with  hydrochloric  acid  and  precipi- 
tate the  sulphates  with  barium  chlorid.  Filter,  wash,  ignite,  and 
weigh  in  a  tared  platiaimi  gooch  in  the  usual  way. 

HEAVY  METALS. 

Determine  as  given  under  Naphthol  Yellow  S,  page  212. 

ABSBNIO. 

Determine  as  given  under  Naphthol  Yellow  S,  page  212. 

ETHEB  EXTBACTTVES. 

Determine  as  given  under  Naphthol  Yellow  S,  page  214. 

SULPHATED  ASH. 

Determine  as  given  under  Naphthol  Yellow  S,  page  214. 
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OALCIUM. 

Determine  as  given  under  Naphthol  Yellow  S,  page  215. 

SULFHUB. 

Determine  as  given  under  Naphthol  Yellow  S,  page  215. 

NrrBOGEN    (SEEKEB  AND  MATHEWSON'S  METHOD). 

Treat  2  grams  of  the  color  with  25  cc  of  a  saturated  solution  of 
sulphur  dioxid  and  1  gram  of  zinc  dust  and  warm  the  mixture  gently 
until  it  becomes  colorless.  This  should  take  place  in  from  two  to  three 
minutes,  but  if  it  does  not  add  more  sulphur  dioxid  solution  in  small 
portions  at  a  time  until  the  color  is  destroyed.  Then  add  30  cc  of  con- 
centrated sulphuric  acid  and  0.7  gram  of  mercuric  oxid  or  its  equiva- 
lent of  metallic  mercury  and  digest  the  mixture,  make  alkaline,  and 
distil  as  directed  on  page  6,  Bulletin  107,  Revised,  Bureau  of  Chemistry, 
United  States  Department  of  Agriculture,  under  the  Kjeldahl  process. 

GBUDE  CUMmiN. 

Dissolve  20  grams  of  dye  in  400  cc  of  hot  water  and  pour  the  solu- 
tion, a  little  at  a  time,  into  a  reducing  solution  composed  of  75  grams 
of  stannous  chlorid  dissolved  in  180  cc  of  concentrated  hydrochloric 
acid.  Heat  the  mixture  on  a  steam  bath  until  it  is  straw  colored, 
cool,  add  an  excess  of  sodium  hydroxid,  and  extract  in  a  separatory 
funnel  with  ether.  Separate  the  ether  layer  and  distil  off  the  solvent 
until  the  residue  measures  about  50  cc.  Then  cautiously  heat  over 
the  steam  with  constant  agitation  imtil  the  odor  of  ether  disappears, 
after  which  the  last  of  the  moisture  is  removed  by  introducing  a  few 
pieces  of  solid  caustic  soda  and  allowing  to  stand.  The  residue  con- 
sists of  crude  cumidin  and  should  boil  above  220^  C.  Cumidin 
nitrate  is  sparingly  soluble  in  water. 

OBAKGE  L 
MOISTUBE. 

Determine  as  given  under  Ponceau  3R,  page  215. 

TOTAL  INSOLUBLE  MATTEB 

Determine  as  given  xmder  Naphthol  Yellow  S,  page  211. 

NONVOLATILE  OB  INOBOANIC   INSOLX7BLE  MATTEB. 

Determine  as  given  under  Naphthol  Yellow  S,  page  211. 

SODIUM  CHLOBID. 

Determine  as  given  under  Ponceau  3R,  page  215. 
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SODIUM   SULPHATE. 

Dissolve  1  gram  of  dye  in  100  cc  water  contained  in  a  200-cc  grad- 
uated flask  and  treat  the  solution  with  60  cc  of  a  20  per  cent  solution 
of  potassium  chlorid.  Make  the  mixture  up  to  the  mark  mtii 
water,  shake,  filter  through  a  diy  paper,  dilute  an  aliquot  of  100  cc 
of  the  filtrate  to  200  cc,  acidify  with  1  cc  of  10  per  cent  hydro- 
chloric acid,  treat  with  5  cc  of  10  per  cent  barium  chlorid  solution, 
and  allow  to  stand  over  night.  If  a  precipitate  has  been  formed 
this  is  separated,  ignited,  and  weighed  in  the  usual  way. 

HEAVY  METALS. 

Determine  as  given  under  Naphthol  Yellow  S,  page  212. 

ARSENIC    (seeker  AND   SMITH'S   METHOD). 

Dissolve  2  grams  of  dye  in  a  mixture  of  130  cc  water  and  70  oc  of 
96  per  cent  alcohol.  Add  about  10  cc  of  strong  bromin  water  to 
convert  any  arsenite  to  arsenate.  Make  the  mixture  alkaline  with  a 
few  cubic  centimeters  of  strong  ammonium  hydroxid  and  add,  from 
a  pipette,  20  cc  of  a  sodium  phosphate  solution  containing  100 
grams  of  crystallized  sodiimi  phosphate  per  liter,  after  which  mag- 
nesia mixture  (containing  55  grams  of  hydrated  magnesium  chlorid, 
55  grams  of  ammonium  chlorid,  and  88  cc  of  ammonium  hydroxid, 
sp.  gr.  0.9,  per  Uter)  is  added  from  a  burette,  stirring  vigoroushp. 
The  amount  of  magnesia  mixture  to  be  added  should  be  in  slight 
excess  of  that  necessaiy  to  precipitate  the  phosphate  completely, 
and  should  be  previously  ascertamed  by  a  blank  experiment.  Flndjy 
add  10  cc  of  ammonium  hydroxid  (sp.  gr.  0.96)  and  allow  the  whole 
to  stand  for  at  least  eight  hours.  Separate  the  precipitate  by  filtra- 
tion and  wash  it  free,  or  nearly  so,  of  dye  with  a  mixture  of  one-third 
alcohol  and  two-thirds  water  containing  one-tenth  its  volume  of 
ammonium  hydroxid  (sp.  gr.  0.90) .  Dissolve  the  precipitate  from  the 
paper  with  20  per  cent  sulphuric  acid,  the  washings  being  collected 
in  a  large  porcelain  crucible.  Add  5  cc  of  concentrated  nitric  acid 
to  the  contents  of  the  crucible  and  evaporate  the  whole  almost  to 
diyness.  The  mixture  need  not  be  colorless  at  this  point,  a  brown 
colored  solution  giving  equally  accurate  results.  Add  20  cc  of  water 
to  the  residue  in  the  crucible  and  then  10  cc  of  a  saturated  solution 
of  sulphur  dioxid.  Evaporate  the  solution  to  a  syrupy  consistency 
to  remove  sulphur  dioxid,  and  then  take  up  in  20  cc  of  water,  place 
in  a  30-cc  evolution  bottle,  add  5  cc  of  concentrated  sulphuric  acid, 
and  determine  the  arsenic  by  the  modified  Gutzeit  method  as  given 
under  Naphthol  Yellow  S,  page  213. 

ETHEB  EXTRACTIVES. 

Determine  as  given  under  Naphthol  Yellow  S,  page  214 
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SULPHATED  ASH. 

Determine  as  given  under  Naphthol  Yellow  S,  page  214. 

CALCIUM. 

Determine  as  given  under  Naphthol  Yellow  S,  page  215. 

SULPHUB. 

Determine  as  given  under  Naphthol  Yellow  S,  page  216. 

NirBOOEN. 

Determine  as  given  under  Ponceau  3R,  page  217. 

TB8T  FOB  OBANGE  U    (SMITH  AND  MATHEWSON'S  METHOD). 

The  following  solutions  are  required: 

(1)  Fifteen  per  cent  titanium  trichlorid. 

(2)  Freshly  prepared  diazotized  sulphanilic  acid.  Heat  a  mixture 
composed  of  1  gram  of  sulphanilic  acid,  10  cc  of  water,  and  20  cc  of 
concentrated  hydrochloric  acid  on  a  steam  bath  for  five  minutes  with 
occasional  shaking.  Cool  to  about  10^  C.  and  add  slowly  10  cc  of  a  1 
per  cent  solution  of  sodium  nitrite.  Allow  the  mixture  to  stand  at 
about  10^  for  10  minutes,  dilute  to  1  liter,  and  shake  until  all  the 
solid  particles  have  dissolved. 

(3)  Stannous  chlorid,  prepared  by  dissolving  40  grams  of  stannous 
ehlorid  in  100  cc  of  concentrated  hydrochloric  acid.  Dilute  this  ten 
tunes  with  water,  immediately  before  using. 

Place  2  cc  of  a  0.1  per  cent  solution  of  the  dye  in  a  colorimeter  tube 
having  a  capacity  of  about  100  cc,  add  a  small  drop  of  titanium  trichlo- 
rid solution  and  shake  until  the  mixture  is  decolorized.    Standards 
containing  the  same  quantity  of  color  composed  of  a  mixture  of  pure 
Orange  I  and  known  amounts  of  Orange  II  are  treated  in  the  same 
way,  the  volume  of  the  solution  at  this  point  to  measure  less  than  5  cc. 
Dilute  the  decolorized  solutions  to  50  cc  with  96  per  cent  alcohol  and 
equalize  the  temperature  by  immersiog  the  tubes  in  water  at  room 
t^nperature.     (Note. — ^A  slight  coloration  that  may  develop  at  this 
point  may  be  disregarded.)    Allow  the  tubes  to  stand  in  the  water 
for  about  five  minutes,  add  2  cc  of  the  diazotized  sulphanilic  acid, 
and  mix  thoroughly.    If  the  titanium  trichlorid  has  not  been  used 
in  too  great  excess,  the  first  few  drops  of  the  diazotized  sulphanilic 
Bcid  will  cause  a  formation  of  color.    Allow  the  coupling  to  proceed 
for  three  minutes  and  then  add  5  cc  of  the  diluted  stannous  chlorid 
with  vigorous  shaking.    In  two  minutes  the  blue  color  due  to  Orange  I 
will  disappear,  leaving  only  the  piok  caused  by  the  coupling  product 
<rf  Orange  n.    The  depth  of  color  in  the  tube  containing  the  dye 
imder  examination  may  then  be  compared  to  the  standards. 
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AKABAHTH. 
MOISTURE. 

Determine  as  given  under  Ponceau  SR,  page  215. 

TOTAL  INSOLUBLE  MATTER. 

Determine  as  given  under  Naphthol  YeUow  S,  page  211. 

NONVOLATILE  OR  INORGANIC   INSOLUBLE  MATTEB. 

Determine  as  given  under  Naphthol  Yellow  S,  page  211. 

SODIUM  CHLOBID. 

Determine  as  given  \mder  Ponceau  3R,  page  215. 

SODIUM   SULPHATE. 

Dissolve  2  grams  of  dye  in  100  cc  of  warm  water  in  a  200-cc  grad- 
uated flask,  and  add  36  grains  of  pure  sodium  chlorid.  Allow  the 
mixture  to  stand  with  frequent  shaking  for  one  hour,  and  after  cooling 
make  up  to  the  mark  with  a  saturated  salt  solution.  Shake  the 
mixture  and  filter  through  a  dry  paper;  dilute  100  cc  of  the  filtrate 
(representing  1  gram)  with  water,  acidify  with  hydrochloric  acid,  and 
precipitate  the  sulphates  with  barium  chlorid.  The  precipitate  k 
separated,  washed,  and  ignited  upon  a  tared  platinum  gooch  crucihle. 

HEAVY  METALS. 

Determine  as  given  imder  Naphthol  Yellow  S,  page  212. 

ABSENIC. 

Determine  as  given  imder  Naphthol  Yellow  S,  page  212. 

BTHEB  EXTBACTIVES. 

Determine  as  given  imder  Naphthol  Yellow  S,  page  214. 

SULPHATED  ASH. 

Determine  as  given  imder  Naphthol  Yellow  S,  page  214. 

CALCIUM. 

Determine  as  given  under  Naphthol  Yellow  S,  page  215. 

SULPHUE. 

Determine  as  given  under  Naphthol  Yellow  S,  page  215. 
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NITBOGEN. 

Determine  as  given  under  Ponceau  3R,  page  217. 

LIGHT  GBBBN  S  F  YELLOWISH. 
MOISTUBE. 

Determine  as  given  under  Ponceau  SR^  page  215. 

TOTAL  INSOLUBLE  MATTBB. 

Determine  as  given  under  Naphthol  Yellow  S,  page  211. 

NONVOLATILE  OB  INOBGANIC  INSOLUBLE  MATTEB. 

Determine  as  given  under  Naphthol  Yellow  S,  page  211. 

SODIUM   OHLOBID. 

Determine  as  given  under  Ponceau  SR,  page  216. 

SODIUM   SULPHATE. 

Dissolve  5  grams  of  the  color  in  100  cc  of  water,  warming  by  means 
of  a  gentle  heat.  Dissolve  11  grams  of  safranin  in  a  separate  portion 
of  400  cc  of  water,  also  by  warming,  taking  care  in  both  instances  to 
prevent  loss  by  evaporation.  Mix  the  two  solutions,  shake  thor- 
oughly, and  filter  through  a  dry  filter.  Render  an  aliquot  portion 
of  the  filtrate  alkaline  with  sodium  hydroxid  and  remove  the  excess 
of  safranin  by  shaking  with  two  successive  portions  of  amyl  alcohoL 
Wash  the  combined  amyl  alcohol  layers  with  two  portions  of  water 
and  add  the  washings  to  the  main  aqueous  solution,  which  is  then 
acidified  with  hydrochloric  acid  and  sulphates  determined  in  the  usual 
manner  by  preciptiation  with  barium  chlorid  as  barium  sulphate. 

HEAVY  METALS. 

Determine  as  given  under  Naphthol  Yellow  S,  page  212. 

ABSENIC. 

Determine  as  given  under  Naphthol  Yellow  S,  page  212. 

BTHEB  EXTBAOTIVES. 

Determine  as  given  under  Naphthol  Yellow  S,  page  214. 

SULPHATED  ASH. 

Determine  as  given  under  Naphthol  Yellow  S,  page  214. 

CALCIUM. 

Determine  as  given  under  Naphthol  Yellow  S,  page  216 
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8ULPHUB. 

Determine  ts  given  under  Naphthol  Tellow  S,  page  215. 

NITBOOSN. 

Determine  on  2-gram  portions  by  Gunning's  modification  of  fte 
Kjeldahl  process,  using  a  little  copper  sulphate  to  assist  tiie  oxidaticffl 
(see  page  7,  Bulletin  107,  Revised,  Bureau  of  Chemistiy,  United 
States  Department  of  Agriculture). 

JUiXTHROSIH. 

MOISTUBB. 

Determine  as  given  under  Ponceau  3R,  page  215. 

TOTAL  INSOLUBLE  MATTER. 

Determine  as  given  imder  Naphthol  Yellow  S,  page  211. 

NONVOLATILE  OB  INOBGANIO  INSOLUBLE  MATTER 

Determine  as  given  under  Naphthol  Yellow  S,  page  211. 

SODIUM  CHLORID. 

Dissolve  5  grams  of  the  dye  in  400  cc  water  and  acidify  with  dihte 
nitric  acid.  Make  the  mixture  up  to  500  cc  with  water,  and  tha 
filter  through  a  dry  filter.  Determine  chlorids  in  an  aliquot  of  200  cc 
of  the  filtrate  by  precipitation  with  silver  nitrate,  washing,  ignitmg, 
and  weighing  the  silver  chlorid  in  a  tared  gooch  crucible  in  the  usual 
manner. 

SODIUM  SXTLPHATE. 

Ehnploy  another  aliquot  of  the  filtrate  obtained  after  precipitating 
the  color  acid  as  above  in  the  determination  of  sulphates,  precqtf- 
tating  the  latter  as  barilim  sulphate  in  the  usual  manner. 

HEAVY  METALS. 

Determine  as  given  imder  Naphthol  Yellow  S,  page  212. 

ARSENIO    (seeker  AND  SMFFH's  METHOD). 

Dissolve  16  grams  of  dye  in  370  cc  of  water,  add  5  cc  of  strong 
bromin  water,  and  finaUy  25  cc  of  dilute  sulphuric  acid  (1  to  4). 
Shake  thoroughly  and  filter  through  a  diy  filter.  Place  an  aliquot 
of  250  cc,  representing  10  grams  of  color  from  the  filtrate,  in  a  porce- 
lain casserole,  add  5  cc  concentrated  nitric  acid  (veiy  important  to 
prevent  loss  of  arsenic) ,  and  evaporate  till  fuming  has  ceased .  Reduce 
the  residue  with  sulphur  dioxid  solution,  evaporate  to  small  bulk, 
and  determine  the  arsenic  in  the  form  of  apparatus  used  by  Bishop  is 
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\na  modification  of  the  Gutzeit  test.  See  under  Naphthol  Yellow  S, 
pages  212  and  213.  (Note. — ^It  is  somewhat  difficult  at  times  to 
recover  250  cc  of  filtrate,  but  less  may  be  used  and  a  correction  made, 
if  necessaiy.) 

BTHEB  EXTBACmrSS. 

Determine  as  given  under  Naphthol  Yellow  S,  page  214,  omitting 
the  acid  extraction. 

•      SULPHATED  ASH. 

Determine  as  given  imder  Naphthol  Yellow  S,  page  214. 

lODIN,  BBOMIN,  AND  OHLOBIN    (oOBNELISON's  METHOD). 

Mix  0.2  to  0.3  gram  of  the  sample  with  2  grams  of  pure  potassium 
bichromate  and  15  cc  of  strong  sulphuric  acid  in  the  evolution  flask 
of  an  apparatus  made  entirely  of  glass,  with  groimd-glass  joints. 
Thoroughly  mix  the  contents  of  the  evolution  flask,  so  that  all  lumps 
are  disintegrated,  and  then  heat  at  100^  C.  for  15  minutes,  after 
which  raise  the  temperature  to  150°  C.  for  thirty  minutes,  a  cur- 
rent of  air  dried  over  calcium  chlorid  and  potassium  hydroxid  being 
drawn  through  the  apparatus  during  this  time.  lodin  remains  in 
the  evolution  flask  as  iodic  acid;  bromin  passes  off  as  such,  and  may 
be  absorbed  by  allowing  the  air  passing  through  the  apparatus  to 
bubble  through  1  per  cent  sodium  hydroxid.  Chlorin  passes  out  of 
the  evolution  flask  as  chromyl  chlorid,  and  may  also  be  absorbed  in 
sodium  hydroxid.  Cool  the  mixture  containing  the  iodic  acid,  and 
reduce  the  chromic  acid  by  addition  of  sulphur  dioxid,  about  20  cc 
of  a  saturated  solution  being  required.  When  enough  has  been 
added,  the  precipitated  iodiu  redissolves,  and  the  clear  green  color 
of  chrome  alum  appears.  Filter,  wash  the  paper  with  distilled  water, 
dilute  the  filtrate  and  washiogs  to  about  300  cc,  and  add  an  excess  of 
silver  nitrate.  Boil  till  the  silver  iodid  has  flocculated,  allow  to  stand 
for  a  few  hours,  and  separate  and  weigh  the  silver  iodid  in  a  tared 
gooch. 

It  sometiines  happens  that  the  mixture  containing  the  iodic  acid, 
after  the  reduction  with  sulphur  dioxid,  becomes  turbid,  owing, 
apparently,  to  separation  of  a  basic  chromium  sulphate.  Very  often 
the  turbidity  can  not  be  removed  by  filtering,  and  it  has  been  found 
advisable  in  this  case  to  reject  the  determination  and  begin  anew. 

lODIN    (SEEKEB  AND  MATHEWSON's  METHOD).^ 

Place  from  0.3  to  0.4  gram  of  the  eiythrosin  in  a  porcelain  casserol, 
dissolve  this  in  5  cc  of  a  10  per  cent  sodium  hydroxid  solution,  then 
add  35  cc  of  a  7  per  cent  solution  of  potassium  permanganate.    After 

^  U.  8.  Dept.  Agr.,  Bureau  of  Chamistry  ^Iioalar  66.  Tlie estimation  of  lodin  in  organlo  compomidi 
«nd  its  separation  from  other  halogens. 
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mixing,  cover  the  vessel  with  a  watch  ciystal,  and  add  10  cc  of 
nitric  acid,  keeping  the  dish  covered.  Agitate  the  mixture,  place 
on  a  steam  bath,  and  keep  covered  until  spattering  ceases,  after 
which  remove  the  watch  glass  and  allow  evaporation  to  proceed  to 
dryness.^  Treat  the  residue  with  6  cc  of  7  per  cent  potassium  per- 
manganate and  5  cc  of  concentrated  nitric  acid  and  again  evaporate 
to  diyness.  Then  add  about  50  cc  of  water  and  5  cc  of  concentrated 
nitric  acid  to  the  residue,  following  this  by  40  cc  of  a  saturated  sohh 
tion  of  sulphur  dioxid,  and  allow  the  whole  to  stand  with  occadonal 
stirring  (breaking  up  the  lumps  with  a  glass  rod)  until  the  hydrated 
oxid  of  manganese  has  dissolved.  Filter,  and  wash  the  paper  with 
wat^.  Add  an  excess  of  silver  nitrate  to  the  filtrate,  and  boil  until 
sulphur  dioxid  has  been  expelled  and  the  silver  iodid  has  flocculated. 
Separate,  wash,  and  weigh  the  precipitate  in  the  usual  manner. 

TOTAL  HALOQENS. 

Mix  0.6  to  1  gram  of  the  dye  with  4  grams  of  potassium  carbonate, 
moisten  to  a  paste,  again  thoroughly  mix,  cover  with  a  layer  of  (by 
potassium  carbonate,  dry,  and  ignite  at  a  low  red  heat.  Break  up 
the  char  thoroughly,  digest  with  about  200  cc  water,  and  filter. 
Wash  the  insoluble  matter  until  the  washings  no  longer  react  witii 
silver  nitrate;  then  acidify  the  filter  and  washings  with  nitric  acid 
and  precipitate  the  halogens  in  the  usual  way  as  silver  salts. 

INDiaO  DISULPHOACID. 
HOISTUBE. 

Determine  as  given  under  Ponceau  3R,  page  215. 

TOTAL  INSOLUBLE  MATTER. 

Determine  as  given  under  Naphthol  Yellow  S,  page  211. 

NONVOLATILE  OB  INOBGANIC  INSOLUBLE  MATTEB. 

Determine  as  given  under  Naphthol  Yellow  S,  page  211. 

SODIUM  CHLOBID. 

Determine  as  given  under  Ponceau  3R,  page  216. 

SODIUM   SULPHATE. 

Dissolve  2  grams  of  the  dye  in  about  160  cc  of  water  and  treat  the 
solution  with  40  giams  of  pure  sodium  chlorid.  After  the  salt  has 
dissolved,  make  up  the  volume  to  exactly  200  cc.    Shake  th^  mix- 

1  In  the  operatkm  of  drying  particalar  care  should  be  observed  to  prevent  teoeas  of  redodn^  gun  to  fb» 
mixture. 
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ture  thoroughly  and  filter  through  a  dry  filter.  Dilute  50  cc  of  the 
filtrate  with  200  cc  of  water,  acidify  with  1  cc  of  10  per  cent  hydro- 
chloric acid;  and  treat  with  an  excess  of  barium  chlorid  solution. 
After  standing  overnight,  the  precipitate  is  separated,  washed, 
ignited,  and  weighed  in  the  usual  way. 

HEAVY  METALS. 

Determine  as  given  under  Naphthol  Yellow  S,  page  212. 

ARSENIC    (seeker   AND   SMITH'S   METHOD). 

Treat  10  giams  of  dye  in  a  Kjeldahl  flask  with  100  cc  water  and 
10  cc  concentrated  nitric  acid.  Warm  gently  and  finally  boil  until 
all  action  has  ceased.  Transfer  to  a  beaker,  make  alkaline  with 
ammonium  hydroxid,  and  proceed  from  this  point,  as  in  the  case  of 
the  solution  of  Naphthol  Yellow  S,  page  212,  continuing  from  the 
point  at  which  sodium  phosphate  is  added. 

ETHER   EXTRACTIVES. 

Dissolve  3  grams  of  dye  in  200  cc  of  water  and  extract  with  ether, 
as  directed  under  Naphthol  Yellow  S,  page  214. 

StJLPHATED   ASH. 

Determine  as  given  under  Naphthol  Yellow  S,  page  214. 

CALCIUM. 

Determine  as  given  under  Naphthol  Yellow  S,  pagfe  216. 

SULPHUR. 

Determine  as  given  under  Naphthol  Yellow  S,  page  215. 

NITROGEN. 

Determine  as  given  under  Light  Green  SF  Yellowish,  page  222. 

XVm.  ADDEHDA. 

ADDITIONAL  EXAMINATION  OF  COAL-TAB  DYES. 

Since  the  foregoing  report  was  written  the  chemical  examination  of 
the  coal-tar  dye  specimens  collected  in  the  summer  of  1907  has  been 
completed.  This  investigation  shows  that  7  of  the  Green  Table  num- 
bers then  reported  were  not  on  the  market,  although  those  furnishing 
the  specimens  included  them  at  the  time  that  the  samples  were  sup- 
plied. These  numbers  are  as  follows:  not  physiologically  examined, 
97291**— BuU.  147—12 ^15 
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G.  T.  49,  60,  104,  518,  523;  physiologically  examined,  with  unfavora- 
ble result,  G.  T.  516;  with  favorable  result,  G.  T.  520. 

The  chemical  examination  also  shows  that  each  of  9  additional 
Green  Table  numbers  occurred  once  among  the  unreported  numbers. 
They  are  as  follows:  not  examined  ph/yaiologicaUy,  G.  T.  20,  328; 
examined  physiologically:  with  unfavorable  results,  G.  T.  602;  with 
favorable  results,  G.  T.  92,  477,  521 ;  with  contradictory  results,  G.  T. 
16,  43,  163.  G.  T.  20  is  anilin  azo  (1:8)  dioxy  naphthalene  (3:6) 
disulpho  acid.  G.  T.  328  is  diamino-stilbene-disulpho  acid-disazo- 
phenol. 

This  chemical  examination  finally  shows  that  beside  the  Gre^i 
Table  numbers  there  occurred,  once  each,  the  following:  sulphonated 
Victoria  Blue  B  and  a  sulphonated  rhodulin  and  twice,  amido-azo- 
toluene-azo-alpha-naphthol. 

It  is  clear  that  this  revised  statement  of  facts  is  without  influence 
on  the  7  permitted  dyes  selected;  its  only  eflfect  is  to  add  G.  T.  92 
(yellow),  477  (blue),  and  521  (red)  (each  occurring  but  once)  to,  and 
to  subtract  520  (red)  (said  to  occur  twice)  from,  the  16  dyes  (page  166) 
from  among  which  the  7  permitted  dyes  were  selected,  thus  giving  18 
instead  of  16  dyes  to  choose  from;  however,  the  final  selection  is 
wholly  unaffected  thereby.  It  is  also  clear  that  any  and  all  inter- 
mediate conclusions  or  comparisons  are  oi^y  slightly  and  immateriaUy 
affected,  if  at  all,  by  the  results  of  this  additional  examination. 
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Acid  Yellow  S  (4). 

AlkftU  Blue  (477). 

Azo  Acid  Rubin  2B  (107). 

Azo  Yellow  (92). 

Crocein  Scarlet  0  extra  (164). 

Dimethylanilin  Orange  (87). 

£o6in,  water  soluble  (512). 

Fast  Red  A  (102). 

Fast  Red  B  (65). 

Fast  Red  E  (105). 

Fast  Yellow  Y  (8). 

Indian  Yellow  (92). 


lndulinRandB(601). 
Leucindophenol  (572). 
Methyl  Orange  (87). 
Naphthylamin  Pink  (614). 
Naphthylene  Blue  R  in  crystals  (639). 
Soluble  Blue  8B  and  lOB  (479). 
Sulphur  Yellow  (4). 
Thiochromogen  (669). 
Victoria  Blue  (488). 
Wool  Black  (166). 
Yellow  T  (84). 
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THE  TOXICITY  OF  CAFFEIN. 


DTTRODXTCnOV. 

Comparative  physiology  has  established  the  fundamental  fact  that 
some  properties  are  conmion  to  all  forms  of  living  matter.  But  the 
same  method  of  inquiry  has  also  led  to  the  recognition  of  marked 
differences  in  the  physiological  processes  of  various  species  of  aiiimals. 
Among  the  most  important  investigations  which  contributed  to  the 
knowledge  of  such  variation  of  function  are  the  studies  in  comparative 
metabolism.  It  is  now  recognized  that  metabolism  is  in  some 
respects  quite  different  in  herbivora  and  in  camivora.  Some  forms 
of  oxidation  are  much  greater  in  the  rabbit  than  in  cats  and  dogs. 
Nuclein  metabolism  presents  important  differences  in  the  rabbit  and  in 
man,  while  the  mode  of  neutralizing  acid  in  the  body  may  be  cited  as 
another  variation  in  the  metabolism  of  these  forms.  Perhaps  the 
most  striking  examples  of  differences  in  the  metabolism  of  different 
organisms  is  furnished  by  the  results  of  studies  on  the  fate  of  certain 
poisons  introduced  into  the  body. 

The  classical  experiments  of  Bunge  and  Schmiedeberg  "  <*  on  the  syn- 
thesis of  hippuric  acid  are  of  interest  in  this  regard.  It  will  be  recalled 
that  in  the  dog  the  synthesis  takes  place  in  the  kidney ;  the  rabbit  is  able 
to  form  hippuric  acid  in  the  liver  as  well  as  in  the  kidney,  while  frogs 
can  synthesize  hippuric  acid  even  when  both  of  these  organs  have  been 
removed  or  excluded  from  the  circulation.  Observations  on  the  fate 
of  some  of  the  alcohols  of  the  fatty  acid  series  have  likewise  shown  that 
these  substances  may  be  combined  with  glycuronic  acid  in  some  animals 
but  not  in  others.  According  to  Thierfelder  and  Von  Mering,  "  ter- 
tiary alcohols  are  combined  in  this  manner  in  the  rabbit  but  not  in  the 
dog.  According  to  Neubauer,"  the  primary  and  secondary  alcohols 
are  so  combined  in  the  dog  as  well  as  in  the  rabbit,  but  to  a  greater 
degree  in  the  latter. 

Pohl  '*  found  that  amyl  alcohol  is  largely  eliminated  by  the  lungs  in 
the  cat  and  in  the  dog.  The  protocols  of  his  experiments  show  that 
65  per  cent  of  the  alcohol  given  these  animals  was  thus  recovered, 
whUe  he  recovered  only  22  per  cent  of  this  substance  in  the  expired 
air  of  the  rabbit.  Examination  of  icie  urine  showed  the  presence  of 
glycuronic  acid.    Hofmeister's  ^  woA  with  tellurium  in  the  dog  is  of 

a  The  small  flguraa  refer  to  the  bibliography  at  the  end  of  this  bolletln. 
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interest  in  this  connection.  He  made  the  important  discovery  that 
some  animals  possess  the  power  of  methylation  as  well  as  of  demethyl- 
ation.  Abderhalden  and  Brahm's  *  experiments  with  pyridin  show 
that  the  same  is  true  of  young  dogs  when  on  a  meat  diet.  His  experi- 
ments on  rabbits  with  this  substance  were  negative. 

The  metabolism  of  caffein  and  theobromin  fiunish  another  illustra- 
tion of  differences  in  the  physiological  mechanism  of  animals.  Al- 
though the  substances  found  in  the  urine  of  man,  dog,  and  rabbit  after 
the  administration  of  caffein  and  theobromin  were  the  same,  the  quan- 
tities varied  considerably.  According  to  Kriiger  and  Schmidt,"  over 
14  per  cent  of  the  theobromin  introduced  into  the  rabbit  is  eliminated 
as  7-methyl  xanthin  in  the  urine.  The  dog  eliminates  only  about  0.67 
per  cent.  On  the  other  hand,  the  amount  of  tri-methyl  xanthin  elimi- 
nated was  only  3  per  cent  in  the  dog  and  not  quite  1  per  cent  in  the 
rabbit. 

It  appears,  therefore,  from  studies  in  comparative  metabolism, 
whether  endogenous  or  exogenous,  that  well-marked  physiologic  and 
chemical  differences  exist  in  various  species  of  animals.  That  phar- 
macological action  may  likewise  vary  in  different  species  of  animals 
is  shown  by  the  following  investigations.  According  to  Guinard," 
who  made  an  exhaustive  study  of  morphin,  the  reaction  to  this  alka- 
loid varies  in  different  forms  of  life,  both  qualitatively  and  quanti- 
tatively. He  established  its  narcotic  effect  in  the  dog,  rabbit,  guinea 
pig,  white  mice,  and  rats,  while  for  the  cat,  horse,  ox,  sheep,  hog,  and 
goat  it  is,  on  the  contrary,  a  stimulant.  Moreover,  there  is  no  evi- 
dence of  cerebral  effect.  The  stimulating  effect  of  morphin  on  the 
nervous  system  in  some  animals  was  also  observed  by  Noe  ^  in  experi- 
ments with  this  substance  on  the  hedgehog. 

Guinard  "»  ^  has  also  shown  that  morphin  has  no  narcotic  effect  in 
the  marmot,  although  this  animal  is  very  sensitive  to  the  drug.  Two 
milligrams  per  kilo  were  found  to  be  a  surely  fatal  dose  for  this  animal. 
His  experiments  on  the  comparative  toxicity  of  morphin  ** "  show  a 
considerable  range  of  variation  in  different  species.  Thus  the  fatal 
dose  for  the  dog  was  found  to  be  0.65  per  kilo,  while  7  mg  per  kilo  is 
the  fatal  dose  for  the  horse.  About  twice  the  amount  is  fatal  for  the 
ox  and  0.2  mg  per  kilo  kills  the  pig.  Experiments  with  other  drugs  has 
shown  that  a  considerable  range  of  variation  in  resistance  exists  in 
animals  of  different  species. 

Noe's  "  studies  on  the  comparative  toxicity  of  chloral  brought  out 
the  interesting  fact  that  the  rabbit  is  more  resistant  to  it  than  the 
hedgehog  and  the  latter  more  resistant  than  the  guinea  pig.  Per- 
haps the  most  striking  example  of  a  difference  in  reaction  of  the 
same  substance  in  widely  different  species  is  that  furnished  by 
apocodein,  quinin,  and  yohimbin.    According  to  Gunn"  these  sub- 
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stances  have  been  found  to  cause  vasodilation  in  warm-blooded 
animals,  but  they  constrict  the  blood  vessels  of  the  frog. 

£xp>eriments  with  apomorphin  likewise  show  that  the  reaction  to 
this  substance  varies  in  different  species  of  animals.  The  resistance 
of  the  cat  to  this  drug  is,  according  to  Guinard,'^  ten  times  greater  than 
that  of  the  dog,  and  the  latter  is  more  sensitive  than  the  rabbit  to 
the  crystalline  form  of  apomorphin  when  given  intravenously. 
According  to  Kobert**  amygdalin  is  without  effect  on  dogs,  but  it 
IS  poisonous  to  rabbits.  Lapicque^'  found  that  the  toxicity  of 
curara  varies  in  different  species  of  frogs,  the  dose  required  to  pro- 
duce paralysis  in  Rana  esculenta  being  three  times  greater  than  in 
Bufo  vulgaris.  Weir  Mitchell**  pointed  out  long  ago  that  turtles 
stand  enormous  doses  of  curara.  Schmiedeberg's  experiments  with 
caffein  on  Rana  temporaria  and  Rana  esculenta  (and  more  recently 
those  of  Jacobi  and  Golowinski**  with  caffein,  theobromin,  and 
theophyllin)  are  also  of  interest  in  this  connection.  These  experi- 
menters observed  well-marked  differences  of  reaction  to  methyl- 
xanthins  in  these  closely  allied  forms. 

Experiments  with  quinin  have  shown  that  the  action  of  this  sub- 
stance differs  in  some  animals.  It  causes  a  fall  of  temperature  imme- 
diately after  its  administration  in  the  guinea  pig,  but  frequently 
produces,  at  first,  a  rise  of  temperature,  followed  by  an  unimportant 
f  ally  in  rabbits,  dogs,  and  man. 

The  numerous  investigations  which  have  been  carried  out  on  the 
effect  of  atoxyl  within  recent  years  have  contributed  much  to  the 
comparative  pharmacology  of  this  substance.  Although  the  symp- 
toms and  oi^anic  changes  produced  by  this  substance  in  a  variety  of 
animals  present  no  great  differences,  the  resistance  of  some  has  been 
found  to  vary;  according  to  Koster^  it  is  more  toxic  for  dogs  than 
for  rabbits.  A  number  of  other  substances  have  been  found  by 
various  experimenters  to  vary  in  toxicity  for  different  species  of 
animals.  Cantharadin,  phenol,  atropin,  and  strychnin  may  be  men- 
tioned as  illustrations. 

Pharmacological  studies  on  lower  forms  of  life  have  also  revealed 
nuurked  variations  in  the  effect  of  some  poisons.  Observations  made 
by  Danilevraki/®  with  hydrochinone  indicate  that  solutions  of  1  to 
100  or  200  are  toxic  to  Celentrates,  causing  paralysis  in  these  organ- 
isms. Echinoderms  are  killed  within  one  or  two  hours  in  1  to  1,000 
or  2,000  solution,  while  in  Vermes  even  weaker  solutions  cause 
tetanus  and  finally  paralysis.  The  expenments  of  Drzewina^*  with 
potassium  cyanid  are  also  interesting  in  this  connection.  Teleosts 
placed  in  100  cc  of  sea  water  containing  twentieth-normal  potassium 
cyanid  showed  signs  of  asphyxia  and  died  in  10  to  20  minutes. 
Actinia  placed  in  a  solution  of  sea  water  containing  five  times  as 
much  potassium  cyanid  were  active  on  the  thirteenth  day  of  the 
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experiment.  Similar  results  were  obtained  with  other  marine 
organisms. 

From  these  data  it  is  evident  that  the  toxicity  of  a  substance  may 
vaiy  considerably  in  different  forms  of  life.  It  has  been  shown  also 
by  some  investigations  cited  by  Salanf  that  the  action  of  drugs 
may  be  modified  by  different  conditions  in  the  environment  as  well 
as  in  the  subject  of  the  experiment.  The  recognition  of  the  import- 
ance of  these  factors  in  determining  pharmacological  action  has  con- 
tributed much  to  the  elucidation  of  the  mechanism  by  which  drugs 
and  other  substances  produce  physiological  effects  in  the  body.  More- 
over, such  knowledge  has  often  enhanced  the  therapeutic  value  of 
pharmaco-dynamic  agents  and  has  frequently  served  to  avert  effects 
of  an  undesirable  character  in  man  and  domestic  animals.  The  results 
obtained  in  one  species  of  animals  under  a  particular  condition  do  not 
admit;  therefore,  of  universal  application.  Furthermore,  the  nature 
of  the  action  of  a  drug  can  only  be  partly  learned  from  the  manifes- 
tation of  its  acute  effects.  Equally  important,  therefore,  especially  in 
studies  on  toxicity,  are  the  changes  produced  in  chronic  intoxication. 

That  the  acute  effects  of  a  substance  can  hardly  be  considered  a 
c<»Tect  estimate  (tf  its  toxicity  is  shown  by  the  evidence  obtained  in 
experiments  on  tolerance  and  cumulative  action  of  drugs;  for  the 
toxicity  of  a  substance  may  diminish  when  the  substance  is  given 
steadily  for  a  long  time  if  the  body  acquires  tolerance  for  it.  Arsenic, 
morphin,  and  cannabis  indica  may  be  cited  as  illustrations  of  drugs, 
the  toxicity  of  which  decreases  with  repeated  doses,  while  digitalis 
and  lead  show  a  tendency  to  increased  toxicity  when  similarly 
administered.  Moreover  the  acute  and  chronic  effects  are  sometimes 
quahtatively  different.  According  to  Igersheimer*^  the  symptcnna 
in  acute  atoxyl  intoxication  are  nausea,  vomiting,  and  dian^ea. 
These  symptoms  are  absent  in  chronic  intoxication,  in  which  trophic 
disturbances  of  the  skin  and  inflammation  of  the  mucous  membranes 
were  the  effects  produced.  That  the  acute  action  of  atoxyl  differs 
from  the  chronic  effects  was  Ukewise  shown  by  experiments  on  ani- 
mals. The  studies  of  von  Anrep '  on  chronic  atropin  intoxication 
are  of  interest  in  this  connection,  as  he  found  that  after  10  to  15 
injections  of  atropin  there  is  no  manifestation  of  symptoms  such  as 
is  observed  in  acute  intoxication,  while  the  effects  on  the  circulation 
are  also  less  marked,  the  acceleration  of  the  pulse  being  less  than 
after  the  same  dose  in  a  normal  subject  not  accustomed  to  its  use. 
When  the  administration  of  atropin  is  ccmtinued  for  a  longer  time 
its  usual  effects  on  the  pulse  disappear  alt(^ether;  there  is,  on  the 
contrary  a  decreased  frequency  of  the  pulse.  If  atropin  has  been 
administered  for  from  two  to  three  weeks,  respiration  is  likewise 
affected. 
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HISTOfilCAI  REVIEW  OF  THE  IITEEATTTBE  ON  THE  TOXICITT 

OF  CAFFEm. 

Caffein  was  discovered  in  1820  by  Runge,^  Pelletier,**  and  Robi- 
quet'*  and  A^as  first  analyzed  by  Dumas  and  Pelletier,*^  but  its 
exact  percentage  composition  was  determined  by  Pfaff  and  liebig, 
^*  ^  while  to  Herzog  **'  •*  belongs  the  credit  of  having  estabUshed 
that  it  is  basic.  Strecker  ^  prepared  caflFein  synthetically  by  heating 
theobromin  silver  and  methyl  iodid  in  a  closed  tube  for  24  hours. 
Soon  after  its  discovery  in  coffee  Oudry  '^  reported  the  presence  of 
a  substance  in  tea  which  he  called  "thein.''  Its  identity  with  caffein 
was  established  15  years  later  by  Jobst  *®  and  also  by  Mulder.  ^^*  ^ 
According  to  Brill/*  Mulder  (1838)  was  also  the  first  to  perform 
experiments  with  caffein  on  animals.  After  the  administration  of 
one-half  grain  to  a  pregnant  rabbit  he  observed  loss  of  appetite  and 
kyphosis.  The  rabbit  aborted  but  recovered  from  the  effects  of 
caffein.  It  has  since  been  made  the  subject  of  numerous  investiga- 
tions which  were  carried  out  on  a  variety  of  animals.  Observations 
with  caffein  were  also  made  on  the  human  subject.  About  four 
years  after  Mulder  published  his  results,  Lehmann  "  (1842)  reported 
experiments  on  a  number  of  people  who  were  given  caffein.  The 
administration  of  from  2  to  10  grains  of  the  alkaloid  was  followed  by 
headache;  palpitation  of  the  heart,  increased  frequency  and  irr^u- 
larity  of  the  pulse,  tinnitus  amium,  photopsia,  insomnia,  and  even 
delirium.  Similar  experiments  reported  by  Frerichs'*  (1846)  indi- 
cate that  in  doses  of  25  grains  it  may  induce  severe  symptoms  about 
15  minutes  after  its  administration.  He  also  observed  circulatory  as 
well  as  nervous  symptoms  and  vomiting. 

According  to  Albers'  (1852),  4.5  grains  of  caffein  citrate  injected 
Bubcutaneously  into  the  thigh  of  a  rabbit  was  soon  followed  by  dimin- 
ished motion  and  tremors  of  the  operated  thigh.  Other  symptoms 
reported  were  spasms  of  the  facial  muscles,  increased  respiratory 
movements,  and  mental  confusion.  Of  interest  in  this  connection 
are  the  experiments  of  Cogswell^^  (1852)  on  frogs.  He  concluded  that 
in  point  of  destructive  action  on  the  tissues,  caffein  is  far  superior 
to  morphin  and  may  be  compared  to  strychnin  and  coniin,  its  action 
on  the  nervous  system  he  beheved  to  be  principally  confined  to  the 
effect  on  the  brain  and  spinal  cord. 

Lehmann*^  (1853)  observed  increased  frequency  of  heart  action 
after  the  administration  of  4  grains,  which  were  given  with  a  normal 
diet  to  an  adult  man.  When  the  dose  was  doubled  the  frequency  of 
the  pulse  was  still  more  increased,  heart  action  became  stronger,  and 
tremors  and  confusion  of  thought  with  excitement  of  the  imagination 
made  their  appearance.  There  was  also  an  increased  desire  to 
micturate* 
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Stuhlmann  and  Falck  "  (1857)  were  the  first  to  make  a  study  of 
the  toxicity  of  caflFein  on  animals  of  different  species.  The  adminis- 
tration of  0.5  gram  of  caffein  subcutaneously  or  per  rectum  in  rabbits 
induced  tremors,  tonic  and  clonic  convulsions;  paralysis,  and  increased 
frequency  of  respiration  at  first  followed  by  violent  dyspnoea.  On 
autopsy  he  noticed  congestion  of  the  organs  and  in  two  of  the  three 
rabbits  experimented  upon  pimctiform  hemorrhages  of  the  brain  with 
congestion  of  the  meninges  were  found.  In  the  other  rabbit  anemia 
of  the  brain  was  observed.  Experiments  on  cats  were  carried  out 
by  subcutaneous,  intravenous,  and  rectal  injections.  The  symptoms 
observed  after  the  administration  of  0.5  to  0.7  gram  of  caffein  were 
the  same  as  in  rabbits  except  that  the  cats  developed  diarrhea  vfhea 
caffein  was  given  and  no  anatomic  lesions  were  found  on  autopsy. 
The  effect  of  caffein  on  dogs  indicated  that  in  subjects  of  medium 
weight  a  dose  of  0.5  gram  given  by  mouth  might  produce  restlessness 
and  increased  frequency  of  respiration,  while  the  injection  of  the 
same  amount  intravenously  into  such  animals  may  cause  death. 
Large,  full-grown  dogs,  however,  survived  an  intravenous  injection 
of  2  grams  of  caffein,  showing  symptoms  of  incoordination,  salivation, 
and  frequent  defecation.  These  investigators  also  made  observations 
on  caffein,  using  pigeons  and  otlier  birds;  0.5  to  0.1  gram  introduced 
into  the  stomach  caused  vomiting,  diarrhea,  tonic,  but  more  fre- 
quently clonic,  convulsions,  incoordination,  tremors,  paresis,  and 
paralysis. 

In  a  few,  but  not  in  all  of  the  birds,  there  was  at  first  increased 
frequency  of  respiration  followed  by  dyspnoea  and  circulatory  dis- 
turbances. These  amounts  of  caffein  proved  fatal  in  all  of  the  experi- 
ments on  birds.  Infianmiation  of  the  intestinal  mucosa  and  conges- 
tion of  the  meninges  were  the  only  changes  found  on  autopsy. 
Stuhlmann  and  Falck  also  studied  the  effects  of  caffein  on  fishes  and 
toads.  Mitscherhch  "^  (1858)  fed  0.4  gram  of  caffein  with  bread  to  a 
rabbit  and  noticed  lowered  temperature,  fatigue,  convulsions,  first 
increased  then  decreased  frequency  of  respiration,  and  on  autopsy 
congestion  of  all  the  viscera.  He  also  reported  observations  on  two 
frogs,  one  of  which  was  given  one-sixteenth  of  a  grain  of  caffein  in  a 
pill  with  bread.  It  was  administered  to  the  other  frog  in  aqueous 
solution,  but  the  mode  of  administration  was  not  published.  The 
symptoms  observed  were  in  the  main  the  same  as  in  rabbits.  In 
pigeons  0.125  gram  introduced  into  the  stomach  caused  severe  vomit- 
ing, muscular  incoordination,  tonic  rigidity  of  the  limbs,  and  retrac- 
tion of  the  head.  Respiration  was  increased  in  frequency.  Death 
followed  within  3  hours  and  15  minutes. 

From  a  series  of  experiments  on  frogs  which  Hoppe  ■•  carried  out 
(1858)  by  applying  one-fourth  of  a  grain  of  caffein  to  the  muscles  of 
the  back,  he  concluded  that  caffein  causes  paralysis  of  the  nerves, 
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spinal  cord,  and  brain,  sensation  being  paralyzed  before  movement. 
The  injurious  action  of  caffein  proceeds,  according  to  Hoppe,  from 
the  spinal  cord.  This  was  based  on  experiments  on  two  frogs,  Bana 
esculenta,  in  which  the  right  leg  was  amputated,  the  nerve  being  left 
intact,  while  the  nerve  of  the  other  leg  was  ligated.  At  the  end  of 
30  minutes  paralysis  was  more  marked  on  the  right  than  on  the  left 
side.  In  another  frog  of  the  same  species  he  resected  the  femoral 
nervQ  on  the  right  side;  about  1^  hours  after  the  administration  of 
caffein  convulsions  were  observed.  The  left  leg  was  rigid,  but  the 
right  was  relaxed. 

Voit "  (1860)  ligated  the  vessels  of  the  right  lower  extremity,  cut 
the  nerves  of  the  left  leg,  and  introduced  a  few  drops  of  caffein 
solution  into  the  stomach.  Shortly  afterwards  tetanus  of  the  right 
leg  occurred  on  touching  the  back  of  the  animal;  the  left  leg  was 
motionless.  Later  the  entire  body  exhibited  tetanic  convulsions. 
From  this  and  similar  experiments  Voit  concluded  that  caffein  acts 
first  and  principally  on  the  central  nervous  system,  and  that  caffein 
is  also  poisonous  to  nerve  and  muscle  fibers,  as  they  die  when  a  solution 
of  caffein  is  applied  to  them.  The  action  of  caffein,  according  to 
Voit,  is  similar  in  great  part  to  that  of  strychnin.  The  effect  on  the 
blood  vessels  is  particularly  interesting,  as  Voit  observed  dilatation 
of  the  vessels,  due  as  he  thought  to  muscular  paralysis,  and  also  trans- 
udation and  congestion  of  the  capillaries. 

Kurzak**  (1860)  made  a  study  of  the  comparative  toxicity  of 
caffein  in  frogs  and  rabbits  and  came  to  the  conclusion  that  the  lethal 
dose  for  frogs  is  about  one-seventh  of  that  for  rabbits.  Caffein 
citrate  in  the  form  of  crystals  was  administered  in  both  cases  by 
mouth.  The  doses  given  to  frogs  were  1  to  1.5  grains.  He  observed 
convulsions  and  increased  respiratory  activity  at  first;  after  one  hour 
respiration  diminished  and  voluntary  muscular  activity  disappeared. 
Even  on  the  second  day  convulsions  were  sometimes  noticed.  Death 
occurred  at  the  end  of  the  first  or  second  day.  Experiments  on 
only  two  rabbits  were  reported,  0.8  gram  of  caffein  citrate  causing 
the  death  of  one  at  the  end  of  13  hours.  The  symptoms  noticed  were 
the  same  practically  as  in  frogs,  but  it  is  interesting  to  observe  that 
ecchymosis  of  the  mucous  membranes  of  the  stomach  near  the  cardia 
was  the  only  lesion  found  on  autopsy.  Several  experiments  made 
on  different  days  on  the  other  rabbit  indicated  that  the  toxic 
dose  exceeded  0.5  gram,  while  smaller  doses  caused  but  very  nuld 
symptoms. 

According  to  Gentilhomme  ^  ( 1867) ,  after  caffein  the  reflexes  are  at 
first  diminished  and  then  disappear  altogether.  Death  is  produced 
by  stiffness  and  immobiHty  of  all  the  muscles,  particularly  of  the 
muscles  of  respiration,  thus  causing  asphyxia.  He  furthermore  held 
that  caffein  has  no  effect  on  cardiac  or  smooth  muscle  fiber,  its  action 
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being  specific  on  voluntaiy  muscle  fiber,  contractions  of  which  k 
observed  under  the  microscope,  thus  differing  completely  from  strych- 
nin, which  IB  a  nerve  poison. 

These  observations  seemed  to  be  confirmed  by  Pratt  ^*  ( 1868),  who 
reported  that  the  isolated  posterior  extremities  and  muscle  fibers  of 
the  toad  placed  in  a  solution  of  caffein  ( 1  grain  to  a  wineglasslul  of 
water)  for  three  minutes  were  contracted,  while  controls  placed  m 
distilled  water  were  relaxed.  This  experiment  is,  of  course,  defectire , 
as  normal  salt  solution  should  have  been  used  in  both  cases.  Wheo 
the  muscular  fibers  previously  immersed  in  caffein  solution  were 
placed  under  the  microscope  violent  contractions  were  obs^xed. 
The  same  author  administered  from  2  to  18  grains  at  a  dose  to  five 
healthy  young  men.  After  the  administration  of  12  grains  he  noticed 
mental  anguish,  tremors  of  the  hands  and  arms,  and  insomnia. 
Doses  under  5  grains  had  no  marked  effect  except  a  diminution  in  tike 
frequency  of  the  pulse  and  wakefulness. 

About  the  same  time  Amory^  (1868)  published  the  results  of  hk 
studies  on  the  toxicity  of  caffein  in  cats,  dogs,  rabbits,  and  pigeons. 
In  all  cases  very  large  doses  were  introduced  directly  into  the  stomach 
by  means  of  a  temporary  gastric  fistula.  Ten  grains  given  in  meai 
to  a  dog  caused  restlessness,  but  no  other  symptoms.  Doses  of  30 
grains  and  above  were  invariably  fatal.  Seventy-three  grains  givei 
to  a  cat  caused  death  within  20  minutes. 

From  observations  on  frogs,  guinea  pigs,  rabbits,  and  on  one  dog, 
Leven  "  (1868)  concluded  that  caffein  which  he  gave  in  the  form  of 
the  citrate  in  doses  of  10  mg  to  frogs,  from  150  to  200  mg  to  guinea 
pigs,  and  three  to  four  times  the  latter  amount  to  rabbits,  stimulates 
the  central  nervous  system  and  the  voluntary,  cardiac,  and  smooth 
muscles.  He  found  that  0.9  gram  caffein  was  fatal  for  a  rabbit  when 
injected  subcutaneously,  while  1  gram  of  the  citrate  was  not  toxic 
for  a  dog  of  medium  size.  Caffein  applied  directly  to  muscle  fiber 
causes  tetanus  and  destroys  muscular  contractility,  while  a  nerve 
fiber  similarly  treated  loses  its  irritabiUty. 

According  to  Johansen**  (1869),  caffein  acts  directly  on  the  mus- 
cular fiber.  After  the  subcutaneous  injection  of  0.02  gram  of  caffein 
into  frogs,  he  observed  contraction  of  the  muscles  at  the  site  of  injec- 
tion, then  contraction  of  the  anterior  extremities,  and  finally  the 
posterior  extremities  become  rigid  and  extended.  Johansen  observed 
muscular  rigidity  after  caffein,  even  after  curara  was  injected,  or  after 
ligating  the  vessels,  or  cutting  the  nerves  which  supply  the  muscles. 
He  also  observed  that  large  doses  of  caffein  diminish  muscular  irrita- 
bility. When  cardiac  muscle  was  poisoned  with  caffein,  microscopical 
examination  showed  that  the  striations  disappeared.  Johansen  also 
states  that  reflexes  disappear  after  caffein  poisoning.  He  never 
observed  tetanus  in  frogs,  but  reported  tonic  and  clonic  convulsioi^  as 
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I  reBult  of  caffein  poisoning  in  mammals.  Somewhat  different  effects 
)f  caffein  in  frogs  were  observed  by  Buchheim  and  Eisenmenger  ** 
1870) .  After  the  injection  of  2  per  cent  of  the  citrate  the  frogs  soon 
become  inactive.  He  also  observed  muscular  twitching  of  the 
ixtremities,  which  gradually  increased,  with  rigidity  of  the  muscles 
uid  .opisthotonos,  while  respiration  became  slow  and  superficial, 
[inaily  stopping  altogether. 

Aubert  *  ( 1872)  studied  the  toxicity  of  caffein  in  man  and  other 
Einiinals.  After  the  ingestion  of  0.36  gram,  he  observed  dizziness, 
but  doses,  of  0.12  and  0.24  gram  were  without  any  apparent  effect. 
On  the  other  hand,  a  dose  of  0.5  gram  of  caffein  was  foUowed  by 
increased  frequency  of  the  pulse,  which  soon  disappeared.  After  one 
hour  he  noticed  dizziness  and  trembling  of  the  hands,  which  likewise 
passed  away  soon.  The  injection  of  0.16  gram  of  a  2  per  cent  solution 
of  caffein  into  the  jugular  vein  of  a  rabbit  weighing  1,090  grams 
caused  tetanus  and  death  in  two  and  one4ialf  minutes,  and  0.12  gram 
injected  into  a  rabbit  weighing  980  grams  caused  death  in  one  minute. 
Much  larger  doses  could  be  borne,  however,  when  artificial  respiration 
was  resorted  to.  A  dog  which  was  given  3  grams  of  caffein  survived 
when  artificial  respiration  was  performed.  Aubert  reports,  on  the 
other  hand,  a  similar  experiment  with  0.25  gram  of  caffein  which 
tennmated  fataUy. 

That  caffein  may  give  rise  to  different  effects  in  various  species  of 
animals  was  observed  for  the  first  time  by  Bennett."  He  studied  its 
action  on  frogs,  mice,  rabbits,  and  cats,  and  attempted  to  determine 
the  rainimum  fatal  dose  in  rabbits  and  cats.  He  also  reported  experi- 
ments with  thein.  In  his  first  communication  on  the  subject  he 
states  that  the  administration  of  thein  to  rabbits  first  increased  and 
then  diminished  the  frequency  of  respiration,  while  the  pulse  was 
decreased  in  frequency.  Caffein,  which  he  apparently  thought  was 
different  from  thein,  caused  increased  frequency  of  respiration,  while 
the  pulse  was  markedly  retarded  after  a  preliminary  acceleration. 
He  also  noticed  congestion  of  the  ears,  muscular  incoordination, 
tetanus,  paralysis,  diminished  reflexes,  and  contraction  of  the  pupils. 
Bennett  reported  the  minimum  fatal  dose  of  caffein  for  a  rabbit  weigh- 
ing 3.25  pounds  as  being  5.25-5.5  grains.  The  symptoms  in  cats 
after  the  administration  of  toxic  doses  of  thein  or  of  caffein  wete 
great  excitement,  paralysis  alternating  with  convulsions,  and  profuse 
salivation.  The  minimum  fatal  dose  for  a  cat  weighing  5  pounds 
was,  according  to  Bennett,  6  grains  of  caffein  and  5.5  grains  of  thein. 
Only  one  experiment  on  a  mouse  is  reported;  the  administration  of 
0.1  grain  proved  fatal.  The  symptoms  were  the  same  as  those 
observed  in  cats  and  rabbits  after  the  administration  of  caffein.  The 
experiments  on  frogs  indicate  that  the  symptoms  were  about  the 
same  as  those  previously  described  in  the  case  of  warm-blooded  ani- 
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mak  except  that  the  reflexes  are  ahnoet  completely  lost  after  the  sab- 
cutaneous  injection  of  doses  of  one-sixteenth  to  one-twelfth  of  a  grain. 
The  latter  dose  was  fatal  for  frogs.  It  would  be  of  interest  to  know 
the  comparative  toxicity  of  caffein  to  frogs  and  mammals,  but  unfor- 
tunately the  weights  were  not  reported. 

Schmiedeberg  ^*  (1874)  noticed  that  the  administration  of  20  mg  of 
caffein  to  frogs  weighing  about  ^5  grains  was  followed,  in  Bona  esm- 
leniay  in  about  25  minutes,  by  increased  reflexes,  7  minutes  lat^ 
by  tetanus.  Several  attacks  occurred,  but  tonic  spasms  were  nevw 
observed.  On  the  contrary,  when  the  same  amoimt  of  caffein  was 
given  to  Rana  temporaria  weighing  45  grams  he  noticed  a  marked 
diminution  of  the  reflexes  and  tonic  rigidity  of  the  muscles  aft^  23 
minutes;  the  reflexes  were  greatly  increased,  however,  about  24  hours 
later.  The  frogs  were  under  observation  for  three  days,  and  altiiougfa 
s3rmptoms  were  still  present  at  the  end  of  this  time  in  the  subjects  of 
both  species  tetanus  was  never  observed  in  Rana  temporaria, 

Peretti's  ^®  (1875)  studies  on  the  effects  of  caffein  were  confined 
chiefly  to  observations  on  dogs.  He  also  made  observations  on  a 
few  rabbits  and  reported  an  experiment  on  one  cat  to  which  he  admin- 
istered, by  subcutaneous  injection,  0.18  gram  of  caffein  per  kilo  and 
noticed  increased  frequency  in  lachrymation  and  crying.  TTie  cat 
was  found  dead  the  next  day.  The  subcutaneous  injection  of  a  rabbit 
in  whicli  artificial  respiration  was  instituted  with  0.36  gram  of  caffein 
per  kilo  proved  fatal  soon  after  the  injection  without  any  manifests- 
tion  of  symptoms.  Small  doses  of  caffein,  0.1  gram,  given  to  a  rabbit 
weighing  3,670  grams,  failed  to  produce  any  visible  effects.  Doses 
under  0.1  gram  per  kilo  likewise  failed  to  induce  any  sjrmptoms  in 
dogs.  When  0.1  gram  of  caffein  per  kilo  was  given  by  mouth  or  sub- 
cutaneously  it  was  foDowed  by  restlessness,  salivation,  rigidity  of 
hind  legs,  and  vomiting.  In  both  instances  the  dogs  recovered.  The 
symptoms  were  more  severe  when  the  dose  was  increased  to  0.185 
gram  per  kilo,  but  even  in  this  case  the  dog  recovered.  A  dose  of  0.2 
gram  per  kilo,  however,  proved  fatal. 

Henneguy  *•  (1875)  experimented  on  three  frogs  to  which  he  gave 
0.01  gram  of  caffein  citrate  subcutaneously.  He  observed  mild  stim- 
ulation of  the  nervous  system  and  of  the  muscles,  as  well  as  increased 
cardiac  activity.  Later,  voluntary  movement  and  respiration  disap- 
peared and  sensations  diminished,  but  convulsions  of  the  extremities 
appeared.  Cardiac  activity  was  then  diminished,  the  heart  being 
finally  arrested  in  systole.  Since  the  motor  nerves  retained  their  irri- 
tability even  after  the  reflexes  disappeared,  he  concluded  that  the 
loss  of  motion  was  due  to  the  action  of  caffein  on  the  nerve  centers. 

Binz  "  (1878)  reported  experiments  on  dogs  and  also  made  some 
observations  on  man  with  caffein.  The  subcutaneous  injections  of 
0.2  gram  caffein  may  prove  fatal  to  dogs,  although  some  survive  such 
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a  dose.  The  toxic  dose  in  man  varies  from  0.5  to  1.5  grams.  Dis- 
turbance of  the  circulation,  such  as  palpitation  of  the  heart  and  full- 
ness of  pulse,  restlessness,  and  diarrhea  were  the  symptoms  he 
observed. 

Extensive  investigations  on  the  action  of  caffein  were  carried  out 
by  Leblond*®  (1883),  who  studied  its  effect  on  the  circulation  in  man 
and  lower  animals,  and  its  toxicity  in  the  lower  animals  alone.  Five 
to  twenty  centigrams  of  caffein  and  0.06  to  0.25  gram  of  salicylate  of 
soda  were  dissolved  and  injected  into  the  muscles  of  the  thigh  of 
young  guinea  pigs  weighing  a  httle  over  300  grams.  In  the  three 
experiments  reported  the  death  of  the  animals  occurred  after  23  min- 
utes, 40  minutes,  and  1  hoiu*  and  20  minutes.  Symptoms  appeared 
in  from  10  to  15  minutes  after  the  injection  of  caffein.  Incoordination 
of  movements,  convulsions,  both  tonic  and  clonic,  opisthotonos, 
tremors,  increased  frequency  of  respiration,  ataxia,  paralysis  were 
the  symptoms  observed.  It  is  worthy  of  note  that  the  appearance 
of  paresis  preceded  the  convulsions.  Diminished  sensation  was 
reported  in  one  pig,  but  no  sensory  distiu*bances  nor  reflexes  had  been 
observed  in  the  other.  Two  rabbits,  one  of  which  received  0.5  and 
the  other  about  0.3  gram  of  caffein  per  kilo  with  equal  parts  of  saU- 
cylate  of  soda,  were  injected  subcutaneously  into  the  thigh.  Dimin- 
ished sensation,  paresis  of  the  posterior  extremities,  hyperexcita- 
bility,  convulsions,  opisthotonos,  dilation  of  the  veins  of  the  ear  were 
observed.  Death  followed  in  1  hour  and  23  minutes. in  one  rabbit 
and  in  3  hours  and  7  minutes  in  the  other. 

Filehne  ^  (1886)  experimented  with  caffein  on  Bana  escvlenta  and 
Bona  temporaria.  The  subcutaneous  injection  of  7  mg  of  caffein  into 
Rana  esculerUa  caused  tetanus,  while  50  mg  given  by  mouth  caused 
tonic  spasms.  He  further  stated  that  the  difference  between  JSana 
escuUrUa  and  Rana  temporaria  as  regards  the  reaction  to  caffein  was 
one  of  degree  only. 

Amat  *  (1889)  reported  experiments  on  three  guinea  pigs,  in  which 
0.4  to  0.5  gram  per  kilo  injected  subcutaneously  proved  fatal  within 
38  and  44  minutes.  One  guinea  pig  which  received  0.1  gram  of 
caffein  per  kilo  survived.  The  symptoms  observed  in  the  two  fatal 
cases  were  general  muscular  rigidity  and  convulsions. 

Parisot  ••  (1890)  made  a  study  of  the  toxicity  of  caffein  on  different 
species  of  animals.  Unlike  most  of  his  predecessors,  however,  he 
reported,  at  least  in  some  cases,  the  weight  of  the  animals  on  which  he 
worked.  After  the  subcutaneous  and  intramuscular  injections  of 
from  5  to  20  mg  of  caffein  into  Rana  temporaria  weighing  from  14  to  16 
grams,  he  noticed  increased  irritabihty  at  first;  later,  a  loss  of  reflexes, 
inabihty  to  use  the  muscles,  complete  muscular  rigidity  resembling 
rigor  mortis,  and  also  cessation  of  heart  action.  The  effect  of  caffein 
produced  in  the  green  frog  was   analogous   to   that   observed  in 
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strychnin  poisoning.  Parisot  found,  however,  that  musciilar  rigidity 
developed,  although  very  gradually,  also  in  the  green  frog,  but  it  set 
in  much  later  than  in  frogs  of  the  other  species  and  without  super- 
seding the  clonic  convulsions.  According  to  Parisot,  the  muscokr 
rigidity  after  caffein  persists  after  the  destruction  of  the  brain  and 
spinal  cord,  thus  showing  that  it  is  not  of  nervous  origin.  He  further 
emphasized  the  difference  in  the  behavior  of  these  two  species  of  frogs 
toward  caffein  by  stating  that  he  never  observed  tetanic  convidsions 
in  the  red  frog.  His  experiments  also  indicate  that  the  green  frog  is 
more  resistant  to  caffein  than  Rana  temporaria,  as  the  same  doses 
whidi  are  fatal  for  the  latter  were  only  toxic  for  Ra/rui  eseulenta. 
The  number  of  experiments,  however,  is  too  few  to  justify  a  positive 
conclusion  on  this  point.  Parisot  also  made  some  experiments  on 
turtles.  The  results  he  obtained  show  that  caffein  is  at  least  as  toxic 
for  these  animals  as  for  the  frogs  he  experimented  upon,  0.33  gram 
per  kilo  (carapace  not  included  in  weight)  having  proved  fatal  within 
24  hours.  Two  experiments  on  one  pigeon  were  also  reported  by  the 
same  observer;  two  doses  of  0.06  gram  per  kilo  given  at  an  interval 
of  four  hours  caused  mental  depression  and  muscular  rigidity,  but  the 
pigeon  siuvived. 

Experiments  with  caffein  on  the  human  subject  made  by  Purisot 
showed  that  man  is  far  more  susceptible  to  this  substance  than  the 
other  animals  he  investigated.  After  the  ingestion  of  0.3  gram  of 
caffein  symptoms  of  intoxication  pointing  to  cerebral  disturbance 
appeared,  which  became  more  marked  when  the  size  of  the  doses  was 
increased. 

It  will  be  noticed  that  the  nature  of  the  action  of  caffein,  idietiier  it 
is  a  nerve  or  a  muscle  poison,  formed  the  subject  of  several  investiga- 
tions. Binz  "  (1890)  brought  forward  additional  evidence  in  support 
of  the  view  that  caffein  acts  primarily  on  the  ganghon  cells,  and  not  on 
the  muscle  directly.  This  he  has  shown  by  injecting  0.5  gram  into 
each  of  two  rabbits  after  cutting  the  sciatic  nerve  on  one  side;  in  one 
case  he  also  resected  the  obdurator  and  crural  nerves  on  the  same  side. 
Clonic  spasms  developed  in  both  subjects  soon  after  caffein  was  given, 
but  in  each  rabbit  the  side  operated  upon  remained  paralyzed. 
Baldi  ^  (1891)  studied  the  action  of  caffein  on  Rcma  eaculenta.  After 
injecting  from  4  to  20  mg  tetanus,  sudi  as  observed  in  strychnin 
poisoning,  was  noticed.  Frdhner  *•  (1892)  made  observations  on  the 
comparative  toxicity  of  caffein  in  domesticated  animals.  After  the 
administration  of  5  grams  of  caffein  sodium  salicylate  by  mouth  to  a 
dog  weighing  10  kilos,  he  noticed  salivation,  restlessness,  vomiting, 
and  convulsions  as  in  strychnin  poisoning.  Death  occurred  three 
hours  after  the  drug  was  given.  On  autopsy  he  noticed  mild  inflanmia- 
tion  of  the  mucous  membranes  of  the  stomach  and  intestines  and 
edema  of  the  limgs ;  the  heart  was  in  diastole.    A  dose  of  2  grams  of 
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caffein  sodium  salicylate  given  to  the  same  animal  subcutaneously  two 
days  previously  provoked  only  very  slight  symptoms.  The  sub- 
cutaneous injection  of  10  grams  of  the  same  preparation  into  a  pig 
weighing  30  kilos  caused  death  in  two  and  a  half  hours,  with  the  pro- 
duction of  symptoms  of  disturbance  of  the  nervous  system  and  of 
gastrointestinal  irritation.  The  same  dose  per  kilo  of  body  weight 
given  to  a  goat  likewise  caused  death  in  two  and  a  half  hours  after  its 
administration.  Exammation  on  autopsy  revealed  inflammation  of 
the  gastrointestinal  tract.  Similar  lesions  were  found  in  a  horse 
killed  by  100  grams  of  caffein,  in  which  he  also  noticed  hemorrhage 
of  the  mucosa  in  the  fundus  of  the  stomach. 

Gourewitch^  (1907)  conducted  experiments  with  caffein  on 
rabbits,  pigeons,  and  white  rats.  It  appears  from  his  protocol  that 
single  doses  of  about  0.2  to  0.25  gram  caffein  per  kilo  given  subcuta- 
neously proved  to  be  fatal.  He  states,  however,  that  the  resistance 
to  caffein  was  markedly  diminished,  when  its  administration  was 
repeated  daily,  for  much  smaller  amounts  suflBced  to  cause  death  in 
these  animals.  A  dose  of  120  mg  of  caffein  per  kilo  proved  fatal  after 
the  third  injection.  When  the  dose  was  increased  to  170  mg  per  kilo, 
the  animal  succumbed  to  the  effects  of  caffein  after  the  second  injec- 
tion. His  experiments  on  the  other  animals  do  not  indicate  the 
degree  of  resistance  to  caffein,  since  the  weights  for  some  were  not 
given  while  for  the  others  no  attempt  was  made  to  determine  the 
minimum  toxic  or  fatal  dose. 

Maurel"  (1907)  studied  the  influence  of  different  methods  of 
administration  on  the  toxicity  of  caffein  on  frogs  and  rabbits.  He 
determined  the  minimum  toxic  and  lethal  doses  of  caffein  hydro- 
bromid  which  he  employed  in  1  to  2  per  cent  solutions.  He  concluded 
from  his  experiments  that  the  toxicity  of  caffein  when  given  by 
mouth  is  twice  as  great  for  the  frog  as  for  the  rabbit. 

More  recently  Hale  '^  carried  out  a  number  of  experiments  on  guinea 
pigB  in  which  he  determined  the  toxicity  of  caffein  given  in  the  form 
of  the  citrate  and  made  into  a  pill  with  mucilage  of  acacia  and  arrow- 
root starch.  After  the  pill  was  dried  it  was  fed  to  the  animal,  due 
precaution  being  taken  that  none  of  it  was  lost  during  feeding. 
Prom  experiments  on  guinea  pigs  which  received  doses  of  0.3  to  0.6 
gram  caffein  citrate,  the  following  data  have  been  reported :  Three 
decigrams  per  kilo  given  to  one  pig  was  not  fatal.  Of  three  pigs 
which  received  0.4  per  kilo,  one  died  and  two  survived.  Exactly 
the  same  results  were  obtained  in  three  others  which  received  0.5  per 
kilo.  Two  guinea  pigs,  which  received  0.55  and  0.6  per  kilo  each, 
died  after  15  and  7  hours,  respectively,  while  another  animal  survived 
a  dose  of  0.45  per  kilo. 

18594^— BuU.  148-:-12 2 
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This  review  of  the  literature  on  the  toxicity  of  cafFein,  alUiough 
bearing  evidence  of  considerable  investigation  and  extending  over 
three-quarters  of  a  century,  ie  largely  qualitative  in  character.  It 
appears  from  the  experiments  that  the  main  object  of  the  investiga- 
tions was  to  ascertain  the  nature  of  the  action  of  cafFein,  wheUier  it 
IS  a  muscle  or  a  nerve  poison.  The  comparative  toxicity  in  different 
species  of  animals  by  the  accurate  determination  of  the  toxic  and 
fatal  doses  received  but  little  attention.  To  fill  the  gap  in  our 
knowledge  of  the  toxic  effects  of  caffein,  tlie  present  investigation 
was  undertaken.  This,  it  will  be  seen,  proved  to  be  a  most  laborious 
task,  because  in  the  laige  number  of  experiments  careful  observations 
showed  that  individuals  of  the  same  species  varied  considerably  in 
their  reaction  to  the  drug.  Numerous  other  factors,  as  will  be  shown, 
were  also  found  to  play  an  important  part  in  the  determination  of  the 
toxicity  of  caffein. 

ACUTE  CAFFEDI  DTTOXICATIOV. 

The  object  of  these  experiments  was  to  determine  the  resistance 
to  caffein  in  various  species  of  animals  and  by  various  methods  of 
administration.  Caffein  was  therefore  given  by  mouth  and  injected 
subcutaneously  into  the  peritoneal  cavity,  into  the  muscles,  and  in- 
travenously. As  far  as  could  be  judged  by  appearance,  healthy  ani- 
mals were  selected  for  the  subjects  of  the  experiments,  but  as  it  is 
impossible  to  diagnose  with  any  degree  of  accuracy  the  condition  of 
the  animal  while  it  is  alive,  post  mortem  examinations  were  resorted 
to  in  many  cases  in  which  the  issue  of  the  experiment  was  fatal 
Since  the  age  of  the  animal  may  modify  toxicity  full  grown,  as  well 
as  young,  animals  were  employed  for  these  experiments ;  diet,  race, 
and  season  also  play  an  important  part  in  determining  the  toxicity 
of  a  drug  and  these  factors  were  also  taken  into  account  in  the  present 
investigation. 

BXPEBIHBNT8  ON  BABBITS. 

Animals  of  different  varieties  were  used  and  were  g:iyen  caffein  by  all  of  the  metfaodi 
indicated  in  the  preceding  paragraph.  Some  of  the  rabbits  employed  in  these  exp^ 
ments  received  oats,  others  received  a  diet  exclusively  of  carrots  for  several  days  or  weeb 
previous  to  the  administration  of  caffein.  The  experiments  were  conducted  at  all  ses- 
0ons  of  the  year. 

SUBCUTAKBOXTS  INJBCTION. 

From  a  study  of  the  literatiu^  on  the  toxicity  of  caffein  it  seemed  that  about  150  mg 
per  kilo  is  probably  the  lethal  dose  for  the  rabbit  when  the  drug  is  injected  subcntft- 
neously.  Preliminary  observations  were  therefore  carried  out  with  such  a  dose,  bnt 
it  was  found,  on  the  contrary,  that  this  amoimtper  kilo  was  hardly  sufficient  to  induce 
symptoms  in  the  great  majority  of  cases. 
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Series  A. 
[Doses  of  147  to  167  mg  of  oafldn  per  kilo  were  employed  in  these  experiments.] 

Rabbit  SSi.    Belgian  hare,  female.     Weight,  1,070  grams.    Diett  oats. 

March  25:  8.5  cc  2  per  cent  cafifein  (158  mg  per  kilo)  injected  subcutaneoufily  at 
2.15  p.  m.;  4  p.  m.,  reflexes  increased;  5..45  p.  m.,  increases  of  reflexes  still  more 
marked. 

March  26:  Rabbit  looked  normal;  no  symptoms  observed. 
Rabbit  SSI.    Belgian  hare,  female.     Weight,  1,170  gramx.    Diet,  oats. 

March  25:  2.15  p.  m.,  9  cc  2  per  cent  caflein  (153  mg  per  Idlo)  injected  subcutane- 
ously;  4  p.  m.,  reflexes  increased;  5.45  p.  m.,  condition  the  same. 

March  26:  Rabbit  looks  normal;  no  symptoms  observed. 
Rabbit  S28.    Belgian  hare,  female.     Weight,  1,200  grams.    Diet,  oats. 

March  25:  9  cc  2  per  cent  caffein  injected  subcutaneously  (150  mg  per  kilo);  4  p.  m., 
reflexes  increased;  5.45  p.  m.,  reflexes  increased  but  not  markedly. 

March  26:  No  symptoms;  rabbit  looks  normal. 
Rabbit  St2.    WhiU  female.    Weight,  1,065  grams.    Diet,  oats. 

March  17:  8  cc  2  per  cent  caffein  (150  mg  per  kilo)  injected  subcutaneously  at  11.55 
a.  m.;  12.55  p.  m.,  reflexes  increased^  but  no  tetanus  nor  any  other  symptoms. 

March  18:  Kabbit  running  around  m  cage;  condition  apparently  normal. 

March  25:  Condition  of  rabbit  good. 
Rabbit  217.    WhiU.    Weight,  1,S55  grams.    Diet,  oats. 

October  29:  10  cc  2  per  cent  caffein  (147  mg  per  kilo)  injected  subcutaneously  at 
1.51  p.  m.    5.15  p.  m.,  rabbit  alive;  survived. 
Rabbit  219.    Maltese.    Weight,  1,820  grams.    Diet,  oats. 

October  29:  14  cc  2  per  cent  caffein  injected  subcutaneously  at  1.40  p.  m.  (153  mg 
per  kilo);  5.15,  rabbit  alive;  survived. 
Rabbit  194.    White  female.    Weight,  1,490  arams.    Diet,  oats. 

October  14:  13  cc  2  per  cent  caffein  (174  mg  per  kilo)  injected  subcutaneously; 
increased  reflexes  and  tremors  were  observed. 

October  15:  Condition  of  rabbit  good;  no  symptoms. 
Rabbit  191.    Brown  male.     Weight,  1,915  grams.    Diet,  oats. 

October  14:  16  cc  2  per  cent  caffein  (167  mg  per  kilo)  injected  subcutaneously; 
reflexes  increased  and  tremors  present. 

October  15:  Condition  of  rabbit  good. 

A  study  of  this  aeriee  shows  that  about  150  mg  of  caffein  per  kilo  caused  increased 
reflexes  within  one  to  two  hours  after  injection.  When  the  dose  was  increased,  as 
in  rabbits  194  and  191,  the  symptoms  were  more  pronounced;  150  mg  per  kilo  may 
be  regarded  as  the  minimum  dose  which  produces  symptoms  of  nervous  irritability 
when  caffein  is  injected  subcutaneously.  Experiments  with  larger  doses  were  there- 
fore cairied  out  in  order  to  determine  the  minimum  ftttal  dose. 

Sbribs  B. 

Approximately  0.2  gram  of  caffein  per  kilo  was  employed  in  these  experiments. 
Diet  and  race  as  possible  factors  which  may  influence  the  toxicity  of  caffein  were 
made  the  subject  of  study  in  these  experiments  which  were  divided  into  two  groups 
as  shown  in  the  table,  page  25. 

Rabbit  95.    Gray  and  white  male.     Weight,  1,478  grams.    Diet,  oats. 

February  27:  11.30  a.  m.,  15  cc  2  per  cent  caffein  (210  mg  per  kilo)  injected  sub- 
cntaneousiy:  2.20  p.  m.,  no  symptoms,  tremors  observed  wnen  handled,  but  not 
marked,  reflexes  slightly  increased,  no  muscular  rigidity  nor  any  other  symptoms; 
2.45  p.  m.,  rabbit  suddenly  became  very  restless,  jumped  off  me  table,  and  had 
convulsions;  3.45  p.  m.,  rabbit  died,  rigor  mortis  set  in  almost  immediately  after 
death. 
Rabbit  96.    Oray  and  white  male.    WeigJU,  1,585  grams.    Diet,  oats. 

February  27:  16  cc  2  per  cent  caffein  (200  mg  per  kilo)  injected  subcutaneously 
at  3.40  p.  m.;  increased  reflexes  observed  about  one  hour  after  caffein  was  injected, 
but  no  other  syinptoms. 

February  28:  Kabbit  found  dead. 
Rabbit  112.    Black  female.     Weight,  875  grams.    Diet,  oats. 

March  18:  9  cc  2  per  cent  caffein  (205  mg  per  kilo)  injected  subcutaneously  at 
3  p.  m.;  3.30  p.  m.,  rabbit  became  restless,  reflexes  were  increased,  tremors  were 
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observed,  but  no  other  symptoms;  4.15  p.  m.,  nbbit  hsd  tremon,  was  hjuidled  to 
this  failed  to  induce  tetanus,  10  minutes  later  tetanus  of  short  duration  with  rwaivw^ 
occurred. 

March  19:  9  a.  m.,  found  dead. 
Rabbit  119.     Yellow  whiU  female,     WeMt,  1,060  gram$.    DiH,  oats. 

April  17:  10  cc  2  per  cent  caffein  (188  mg  per  kilo)  injected  subcutaoeoudj  ift 
2.10  p.  m. 

April  1ft:  Rabbit  found  dead. 
Rahbii  195.     WkiU  femaU,     Weig^  IjSOO  grawu.    Difi^  aarrois,  nnee  October  7. 

October  14 :  13  cc  2  per  cent  caffem  (0.2  gram  per  kilo)  injected  sabcataneoteily  it 
11.15  a.  m.;  2.25  p.  m.,  nbbit  had  convulsions  and  died.     Note:  U1c«fmtioQ  ol 
rectum  was  noticed. 
Rabbit  SOS.    Gray,     Weight,  1^068  grwau.    Diet,  earroU,  October  7-15,  tnduMive. 

October  15:  10  cc  2  per  cent  caffein  injected  subcutaneously  at  11  a.  m.;  1  p.  m., 
increased  reflexes  and  tremors  observed;  3.45  p.  m.,  tremors  were  maiiced  when 
rabbit  was  handled. 

October  16:  Rabbit  found  dead.    Note:  Looked  poorly  nouridied. 
Rabbit  U7.    Belgian  hare,  female.     Weight,  1,295  grame.    Diet,  oats  hut  10  days  hefian 
expenmerU. 

November  10:  11  a.  m.,  urine  obtained  from  the  bhidder  was  acid  to  litmus  and 
did  not  contain  sugar  or  albumen,  13  cc  2  per  cent  caffein  was  injected  subcutaneoiiBlT; 
1.30  p.  m.,  15  cc  urine  obtained  was  markedly  alkaline  to  litmus  and  reduced  Fee- 
ling's solution;  2.30  p.  m.,  reduction  of  urine  considerable,  marked  tremcsrs  obserred 
but  no  tetanus. 

November  11:  10.30  a.  m.,  95  cc  urine  collected  gave  moderate  reduction  oC  Feh- 
ling's  solution,  no  symptoms,  condition  of  rabbit  seemed  to  be  good. 
Rabbit  t4S.    Belgian  hare,  female.     Weight,  1,305  grams.    Diet,  oats  the  last  10  dagt 
before  the  experiment. 

November  10:  11  a.  m.^  urine  markedly  acid  to  litmus,  no  albumen,  no  soar; 
13  cc  2  per  cent  caffein  injected  subcutaneousl]^;  1.30  p.  m.,  urine  was  el^tly  a& 
line  to  litmuB,  no  reduction  of  Fehling's  solution;  2  p.  m.,  reflexes  increased;  2.30 
p.  m.,  2  cc  urine  obtained  from  bladdtf,  sugar  abundant;  4.45  p.  m.,  reflexes  in- 
creased as  before,  but  no  tetanus. 

November  11:  10.30  a.  m.,  urine  collected  showed  slight  reducdon  of  Fehling's 
solution;  otherwise  condition  of  rabbit  was  good;  rabbit  did  not  diow  any  effects 
of  caffein. 

Rabbit  SS7.    Belgian  hare.     Weight,  1,040  grams.    Diet,  carrots,  liareh  SI  to  April  $, 
inclusive. 

April  6:  3  p.  m.,  11  cc  2  per  cent  caffein  injected  subcutaneously  in  the  back 
(0.211  per  kilo);  4.30  p.  m.,  reflexes  much  exaggerated. 

April  7:  8.15  a.  m.;  condition  good,  no  s3rmptoms. 
Rabbit  SS6.    Belgian  hare.     Weight,  1,040  grams.    Diet,  carrots,  March  SI  to  Apnl  $, 
.inclusive. 

April  6:  3  p.  m.,  11  cc  2  per  cent  caffein  injected  subcutaneously  into  tissues  of 
the  back. 

April  7:  8.15  a.  m.,  no  symptoms,  condition  good. 

Although  symptoms  appeared  in  rabbits  of  Group  I  (see  table,  page  25)  about  ths 
same  time  after  the  administration  of  caffein  as  in  the  rabbits  of  the  preceding  serisi 
all  of  them  terminated  fatally  2^  hours  to  24  hours  after  its  administration.  Two 
of  these  rabbits  (Nos.  195  and  208)  were  fed  carrots  for  several  days  before  the  injec- 
tion of  caffein,  the  others  were  fed  oats.  Since  symptoms  and  death  appeared  in 
these  two  rabbits  about  the  same  time  as  in  the  rest  of  Uiis  group  it  may  be  concluded 
that  caffein  is  not  less  toxic  when  carrots  are  fed  than  when  oats  form  the  exclusive 
diet.  But  since  rabbit  No.  208  was  poorly  noiuiahed  and  ulceration  of  the  rectum 
was  observed  in  No.  195  it  is  quite  possible  that  caffein  might  be  less  toxic  in 
normal  rabbits  on  this  diet.  This  was  tested  in  rabbits  Nos.  836  and  337,  both  of 
which  seemed  to  be  free  from  abnormality  and  were  well  nourished.  Since  these 
rabbits  survived  and  manifested  mild  symptoms  only  of  intoxication  it  would  seem 
that  a  carrot  diet  decreases  the  toxicity  of  caffein. 

It  was  suggested,  however,  that  another  factor  might  be  the  cause  of  the  greater 
resistance  to  caffein  in  these  two  rabbits,  namely,  race.  This  was  tested  in  rabbits  247 
and  248,  both  Belgian  hares.    Since  the  toxicity  of  caffein  in  these  two  rabbits  was  the 
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same  as  in  Noe.  336  and  337,  diet  as  a  factor  in  acute  ca£fein  intoxication  may  be  dis- 
regarded. The  g^reater  resistance  to  caffein  of  these  four  rabbits  is  in  all  probability 
due,  therefore,  to  a  difference  of  race.  This  suggestion  gained  additional  support 
from  the  experiments  of  the  next  series. 

Series  C. 

The  object  of  these  experiments  was  to  determine  the  minimum  fatal  dose  for  the 
gray  rabbit  and  to  obtain  additional  evidence  as  to  the  toxicity  of  caffein  in  the  several 
varieties  of  rabbits.  Eight  experiments  were  performed,  in  which  from  236  to  252  mg 
per  kilo  were  given.  The  white  rabbits,  three  in  nimiber,  received  250,  242,  and  238 
mg  per  kilo.  All  the  others  (which  were  Belgian  hares)  received  from  236  to  252  mg 
per  kilo.  Two  of  the  white  rabbits  were  fed  carrots  for  one  week  preceding  the  injec- 
tion of  caffein.  The  other  was  fed  oats.  Three  of  the  Belgian  hares  were  on  a  diet 
of  oats,  two  were  fed  carrots  the  week  before  the  experiment  with  caffein. 

Rabbit  122.     WMU,  female.     Weight,  2,060  grams.    Diet,  oats. 

April  14:  25  cc  of  2  per  cent  oiffein  (250  mg  per  kilo)  in  aqueous  solution  injected 
subcutaneously  in  the  back  at  1.35  p.  m.;  4.30  p.  m.,  tremors,  reflexes  increased, 
condition  otherwise  good. 

April  16:  9  a.  m.,  found  dead  in  cage.    AiUopsy:  Liver  deeply  (Congested;  kidneys 
congested  in  cortex  and  medulla;  stomach  showed  small  hemorrhagic  areas,  perforating 
ulcers  in  pyloric  portion;  small  intestine  petechiated  on  mucosa;  Rmgs  and  spleen 
normal. 
Babbit  2S4.     White,  female.     Weight,  1,6S0  grams.    Diet,  November  2-9,  carrots. 

November  9:  10.45  a.  m.,  20  cc  2  per  cent  caffein  (242  mg  per  kilo)  administered 
subcutaneously. 

November  10:  9  p.  m.,  foimd  dead. 
Babbit  SS5.    Gray  hare,  female.    Weight,  1^170  grams.    Diet,  March  SI  to  April  7, 
carrots. 

April  7:  9.30  a.  m.,  14  cc  2  per  cent  caffein  solution  (240  mg  per  kilo)  injected  sub- 
cutaneously in  the  back;  10.30,  reflexes  much  increased,  rabbit  is  extremely  sensitive. 

April  8:  9  a.  m.,  found  dead.    Autopsy:  Liver  was  congested  and  contained  several 
coccidiosis  nodules;  stomach  distended  with  rather  dry  food  mass;  mucosa  exhibited 
mild  catarrhal  inflammation;  mucosa  of  intestines  also  slightly  inflamed. 
Rabbit  249.    Belgian  hare,  female.     Weight,  1,185  gram^.    Diet,  oats. 

November  11:  Urine,  5  cc,  from  bladder  acid  to  litmus,  no  suffar,  no  albumin;  11.50 
a.  m.,  14  cc  2  per  cent  caffein  (236  mg  per  kilo)  administered  subcutaneously;  3.45 
p.  m.,  reflexes  mcreased,  hypersesthesia  marked,  out  no  tetanus,  even  when  handled; 
30  cc  urine  collected  at  4  p.  m.,  reduction  of  Fehling's  solution  considerable. 

November  12:  10  a.  m.,  8  cc  urine  collected,  reduction  heavy,  only  a  few  cubic 
centimeters  obtained  from  bladder,  did  not  contain  any  sugar,  general  condition  of 
rabbit  good,  no  symptom  of  caffein  intoxication. 
Rabbit  321.     Yellow,  female.     Weight,  1,1  S5  grams.    Diet,  oats. 

March  16, 1910:  11.50  a.  m.,  14  cc  2  per  cent  caffein  (246  mg  per  kilo)  injected  sub- 
cutaneously in  the  back;  2  p.  m.,  reflexes  increased,  is  very  sensitive,  started  to  run 
when  put  on  floor,  no  handling  except  what  was  required  for  removal  and  return  to 
ca^,  feces  soft. 

March  17:  9.30  a.  m.,  condition  good,  rabbit  put  on  floor,  gait  normal,  but  does  not 
care  to  walk. 

March  18:  9  a.  m.,  walks  around  when  put  on  floor,  appetite  good,  condition  seems 
to  be  normal. 

March  25:  II  a.  m.,  rabbit  still  alive,  condition  good. 
Rabbit  250.    Belgian  hare,  female.     Weight,  1,4S5  grams.    Diet,  oats  at  least  two  days 
before  the  experiment. 

November  11:  11  a.  m.,  urine  obtained  from  bladder  acid  to  litmus,  no  albumin, 
no  sugar;  11 .10  a.  m.,  18 cc,  2  per  cent  caffein  (252  mg  per  kilo);  3.45  p.  m.,  reflexes  and 
hjnpenesthesia,  no  tetanus;  4  p.  m.,  60  cc  urine,  markea  reduction  of  Fehling's  solution. 

November  12:  10  a.  m.,  condition  of  rabbit  good,  no  sjrmptoms  of  caffein  intoxication. 
80  cc  urine  collected,  su^  considerable,  only  a  few  cubic  centimeters  of  urine  obtained 
irom  bladdtf ,  no  reduction  of  Fehling's  solution. 
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Rahbit  334.    Belgian  hare,  female.     W^gkt,  l,t70  grams.    Diet^  carrots.  Monk  SI  to 
April  7. 

April  7:  9.30  a.  m.,  15  co  2  per  cent  caffein  (240  in£;  per  kilo)  injected  sabcniue- 
ously  in  the  back;  10.30  a.  m.,  reflexes  much  increased,  rabbit  extremely  senaitiTe. 

April  8:  9  a.  m.,  condition  good,  no  symptoms. 
Rabbit  t33.     White,  male.     Weight,  1,675  grams.    Diet,  carrots,  November  t  toS. 

November  9: 10.50  a.  m.,  20  cc  2  per  cent  ca£fein  (238  mg  per  kilo)  injected  snbcata- 
neouflly,  no  symptoms  observed  until  5  p.  m.,  when  increased  reflexes  and  hypegggthe- 
sia  were  noticed,  but  no  tetanus. 

November  10:  9  a.  m.,  paralysis  of  posterior  extremities;  died  at  1  p.  m. 

Analysis  of  the  results  obtained  in  the  experiments  of  this  seriee  and  inspection  of 
Table  I,  page  25,  show  that  all  four  of  the  rabbits  which  survived  dosee  of  236  to  2S2  mg 
of  caffein  per  kilo  were  Belgian  hares.  Of  the  four  which  died  one  only  was  a  Belgian 
hare.  The  other  three  were  white  rabbits.  Two  of  these  were  fed  oats;  the  other  twtj 
received  carrots  during  seven  days  preceding  the  administration  of  caffein.  This  diet 
does  not  seem  to  be  a  factor,  therefore,  in  the  toxicity  of  ca£fein.  Moreov^,  it  may 
be  observed  that  rabbit  No.  122,  which  was  fed  oats,  died  after  receiving  250  mg  per 
kilo,  while  rabbit  No.  250  received  the  same  diet  and  survived  the  same  dose  of  caffein 
per  Irilo. 

Experiments  234  and  334  offer  another  illustration  that  the  toxicity  of  caffein  is  not 
dependent  upon  diet,  since  both  rabbits  were  fed  carrots,  but  the  same  dose  of  c&ftm 
caused  only  symptoms  in  one  while  it  proved  fatal  to  the  other.  It  is  evident,  thefe- 
fore,  that  the  difference  in  reeistance  to  caffein  shown  in  these  experiments  is  in  all 
probability  due  to  race,  the  Belgian  hare  being  more  resistant  to  caffein  than  rabbits 
of  other  varieties.  Rabbit  No.  335  seems  to  be  an  exception,  but  the  post-mortem 
examination  showed  the  presence  of  coccidiosis  of  the  liver.  As  will  be  shown  later, 
wherever  this  condition  prevailed  even  smaller  doses  of  caffein  proved  fatal. 

Sbribs  D. 

To  obtain  additional  evidence  regarding  the  resistance  of  the  various  races  of  rabbits 
to  caffein  and  to  ascertain  the  smallest  dose  which  is  surely  &tal  to  the  gray  rabbit  or 
Belgian  hare'was  the  object  of  this  series  of  experiments.  The  diet  in  all  cases  con- 
sisted of  oat»,  which  was  given  ad  libitum  excepting  to  rabbit  No.  235,  which  received 
carrots  for  one  week  previous  to  the  injection  of  caffein.  The  doses  administered 
ranged  from  267  to  300  mg  per  kilo  and  were  administered  to  different  varieties  of  adult 
rabbits. 

Rabbit  253.    Brown  and  black,  male.    Weight,  1,600  grams.    Diet,  oats,  November  9  to  It. 

November  12:  11.30  a.  m.,  urine  from  bladder  acid,  no  albumen,  no  sugar;  11.35 
a.  m.,  22  cc  2  per  cent  caffein  (275  mg  per  kilo)  injected  subcutaneously;  11.45  a.  m., 
rabbit  jumped- off  the  table,  had  convulsions,  retraction  of  YiesA  and  opisthotonos, 
general  tremors,  anterior  extremities  stretched  out,  posterior  extremities  almost 
normal,  frequent  twitchings;  died  at  12.15  p.  m. 
Rabbit  £52.    Black,  female.     Weight,  1,335  grams.    Diet,  oats,  November  9  to  12. 

November  12:  11.30  a.  m.,  18  cc  2  per  cent  caffein  (270  mg  per  kilo)  injected 
subcutaneously.  Urine  obtained  from  bladder  before  injection,  acid,  no  albumen, 
no  sugar,  color  normal,  tremors  and  great  excitement  noticed  about  12  noon;  4.30 
p.  m.,  when  handled,  showed  unusual  restlessness  and  excitement  followed  by  con- 
vulsions with  opisthotonos;  occasional  twitching,  condition  bad.  Died  4.35  p.  m. 
Rabbit  327.     White,  female.     Weight,  820  grams.    Diet,  oats,  March  8  to  16. 

March  16:  11.45  a.  m.,  12  cc  2  per  cent  caffein  (292  mg  per  kilo)  injected  subcu- 
taneously in  the  back;  2  p.  m.,  foimd  dead,  but  was  still  warm.  Autopsy:  Hemor- 
rhage area  at  point  of  injection  into  spinal  muscles;  subcutaneous  abdominal  region 
exhibited  a  lar^e  area  of  cheesy  p\irulent  material;  liver  and  spleen  were  engorged; 
bladder  filled;  intestines  normal. 
Rahbit  340.     White  and  brown  male.     Weight,  1A65  grams.    Diet,  oats. 

March  30:  3.20  p.  m.,  20  cc  of  2  per  cent  caffein  (273  mg  per  kilo)  injected  subcu- 
taneously in  back. 

March  31:  9  a.  m.,  found  dead. 
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Rabbit  $41.    White  and  bwtm.    Weight,  1,450  grama.    Diet,  oaU. 

March  30:  3.20  p.  m.,  20  cc  2  per  cent  canein  (270  mg  per  kilo)  injected  subcu- 
taneously  in  back;  4.40  p.  m.,  found  in  dying  condition^  naa  convnMona;  4.45  p.  m., 
dead. 
Rabbit  3t6.     White,  male.    Weight,  1,645  grams.    Diet,  oats,  March  8  to  16. 

March  16, 1910:  12  noon,  20  cc  2  per  cent  caffein  (243  mg  per  kilo)  injected  subcu 
taneously  in  the  back;  2  p.  m.,  tremors  marked,  hypersensitive,  startea  to  run  when 
put  on  floor;  rabbit  was  not  handled  any  more  tnan  was  required  for  his  removal  from 
and  return  to  cage. 

March  17:  9.30  a.  m.,  tremors  still  present  and  marked,  otherwise  general  condition 
good;  no  other  symptoms. 

March  18:  9.30  a.  m.,  no  appetite,  tremors  still  present,  general  condition  poor; 
died  about  2  p.  m. 
Rabbit  tS5.    Belgian  hare,  male.     Weight,  1,870  qrams.    Diet,  carrots,  November  g  to  9. 

November  10:  11.05  a.  m.,  25  cc  2  per  cent  canein  (267  mg  per  kilo)  injected  subcu- 
taneously;  reflexes  increased  and  tremors,  but  no  tetanus  observed;  found  dead  next 
morning. 
Rabbit  S16.    Belgian  hare,  female.     Weight,  860  grams.    Diet,  oats,  March  8  to  16. 

March  16, 1910:  11.40  a.  m.,  12  cc  2  per  cent  caffein  (267  mg  per  kilo)  injected  sub- 
cutaneously  in  the  back;  2.15  p.  m.,  reflexes  somewhat  increased,  but  not  markedly 
so;  walked  when  put  on  floor;  gait  clumsy  and  slow;  tremors  of  head  observed;  2.35 
p.  m.,  rabbit  lying  in  his  cage,  posterior  extremities  extended  and  rigid,  anterior 
extremities  flexed,  head  retracted;  is  still  breathing;  occasional  spasms  observed. 
Rabbit  died  at  3  p.  m.  Autopsy:  No  lesion  at  point  of  injection  in  dorsal  spinal 
muscles;  liver  and  spleen  engorged;  intestines  mjected;  other  organs  apparently 
normal. 
Rabbit  S95.    Belgian  hare,  male.     Weight.  1,410  grams. 

August  18: 1  p.  m.,  20  cc  2  per  cent  canein  (283  mg  per  kilo)  injected  subcutaneously 
in  the  back;  4  p.  m.,  reflexes  markedly  increased;  5  p.  m.,  reflexes  about  the  same, 
but  no  tetanus. 

August  19,  9.15  a.  m.:  Reflexes  increased  markedly. 

August  21,  weight,  1,215  grams.  Given  275  mg  per  kilo  of  caffein;  no  symptoms 
observed. 

August  23,  found  dead.    AtUopsy:  Liver  greatly  engorged;  stomach  fairly  well  dis- 
tended and  mucous  membrane  in  a  slightly  inflammatory  condition;  contents  of 
small  intestine  liquid  in  nature,  but  walla  of  same  appeared  normal;  other  organs 
normal  in  appearance. 
Rabbit  396.    Belgian  Jutre,  female.     Weighty  1,475  grama.    Diet,  oats. 

August  18:  1  p.  m.,  20  cc  2  per  cent  csSfem  (272  mg  per  kilo)  injected  subcutaneously 
in  the  back;  4  p.  m.,  reflexes  mcreased  markedly;  5  p.  m.,  reflexes  increased  markedly 
but  no  tetanus. 

August  15:  10.30  a.  m.,  reflexes  still  increased  very  markedly;  rabbit  jumps  when 
touched. 

August  21:  Weight,  1,245  giams.  Injected  subcutaneously  275  mg  of  caffein  per 
kilo;  reflexes  increased,  posterior  extremities  stiff  over  hour  later. 

August  22:  9  a.  m.,  found  dead.  Autopsy:  Thoracic  organs  normal  in  appearance; 
stomach  distended  and  mucous  membrane  affected  with  a  catarrhal  inflammation; 
contents  of  stomach  were  covered  with  a  shiny  mucus;  contents  of  small  intestine 
liauid  in  nature  and  bile  stained;  liver  ehowea  a  coccidial  infestation;  kidneys  and 
spleen  normal  in  appearance. 
RabbU  397.    Belgian  hare,  male.     Weight,  1,375  grama.    Diet,  oats. 

August  19:  10.30  a.  m.,  20  cc  2  per  cent  cidSein  (290  mg  per  kilo)  injected  subcu 
taneously  in  the  back. 

August  22:  9  a.  m.,   found  dead.    Autopsy:  Stomach  distended  with  ingesta; 
mucous  membrane  exhibited  a  catarrhal  inflanunation  with  excessive  secretions; 
major  portion  of  intestines  showed  a  condition  similar  to  that  of  stomach,  contents 
consistmg  maiAly  of  a  shiny  mucus;  liver  enlarged;  other  organs  apparently  normal. 
Rabbit  398,  Belgian  hare,  female.     Weight,  1,570  grama.    Diet,  oats. 

Aug[ust  19:  10.30  a.  m.,  23  cc  2  per  cent  caffein  (293  mg  per  kilo)  injected  subcutane- 
ously in  the  back;  4  p.  m.,  found  dead.    Autopsy:  Thoracic  organs  seemingly  normal; 
mucous  membrane  of  stomach  exhibited  a  catarrhsd  inflanunation  generally;  large 
intestines  somewhat  impacted  but  walls  appeared  normal;  other  organs  normal. 
Rabbit  399,  Belgian  hare,  male.     Weight,  1^725  ^rama.    Diet,  oats. 

August  19: 10.30  a.  m.,  26  cc  2  per  cent  caffem  (300  mg  per  kilo)  injected  lubcutane- 
ously  in  the  back;  found  dead  at  4.30  p.  m.    Autopsy:  Lungs  slightly  congested ;  liver 
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engorged  and  friable;  gall  cyst  well  ^ed;  stomach  exhibited  catariiial  gaatridfl;  injec- 
tion of  meeenteries  and  intestines;  kidney  showed  marked  cortical  congestion. 

The  results  of  the  experiments  of  this  series  likewise  indicate  that  the  Belgian 
hare  is  more  resistant  to  caffein  than  the  rabbits  of  other  varieties.  Thus,  of  the  km 
gray  rabbits  (Nos.  235, 316, 395,  and  396),  which  received  267  to  283  mg  of  caffein  per 
kilo,  two  died  and  two  lived, a  one  of  which,  396,  showed  the  presence  of  coccidiooB 
of  the  liver.  On  the  other  hand  it  will  be  observed  that  the  black  and  white  rabbits 
which  received  from  270  to  275  mg  of  caffein  per  kilo  all  died  from  the  effects  of  the 
drug;  one  within  I  hour  and  25  minutes  and  another  within  50  hours  after  the  admin- 
istration of  the  caffein,  while  No.  340  died  in  the  night.  Furthermore  it  will  be  noted 
that  of  the  last  three  rabbits  of  this  series,  which  were  Belgian  hares  and  received 
290,  293,  and  300  mg  of  caffein,  two  died  six  hours  after  the  injection,  while  the  other, 
No.  397,  lived  three  days.  The  minimum  fatal  dose  of  caffein  for  Belgian  hares  is, 
therefore,  about  290  to  300  mg  per  kilo  when  injected  subcutaneously,  which  is  about 
50  per  cent  greater  than  for  rabbite  of  other  varieties. 

Series  E. 

It  was  shown  in  series  A  that  0.15  caffein  per  Idlo  caused  symptoms  of  intoxication. 
Before  concluding,  however,  that  this  is  the  smallest  dose  which  causes  symptoms  of 
poisoning,  a  number  of  experiments  were  performed  with  smaller  doeee.  It  wis 
found  that  in  the  great  majority  of  cases  0.1  caffein  per  kilo  may  cause  diuresis, 
but  no  nervous  or  muscular  symptoms.  In  some  rabbits,  however,  even  such  a  dose 
proved  fatal.  Post-mortem  examinations  in  these  cases  showed  the  presence  d 
coccidiosis  of  the  liver,  and  it  will  be  recalled  that  similar  observations  were  made 
before.  It  is  quite  possible,  therefore,  that  coccidiosis  of  the  liver  is  an  important 
factor  in  decreasing  the  resistance  to  caffein.  Experiment  551  (p.  25)  shows  that 
other  conditions  may  likewise  increase  the  toxicity  of  caffein. 

Rabbit  S25.     White  ^female.     Weighty  1  ^065  grams.    Diet  ^  oats, 

March  17:  11  a.  m.,  6  cc  2  per  cent  (112  mg  per  kilo)  caffein  injected  subcutaneously 
in  the  back.    About  5  cc  of  urine  squeezed  out  from  bladder  before  injecting  caffein. 

March  17:  1  p.  m.,  hind  le^  crossed  and  stretched  out,  front  legs  also  extended; 
rabbit  lying  stretched  out  on  her  belly. 

March  17:  5.40  p.  m.,  rabbit  still  alive,  condition  somewhat  improved. 

March  18:  9  a.  m.,  found  dead,  stiff  ana  cold.    Autopsy:  Hemorrhagic  area  at  point 
of  inoculation;  subcutaneous  re^on  of  both  thighs  presented  a  hemonhagic  innltn- 
tion  of  the  tissues;  liver  contamed  lesions  of  coccidiosis;  other  organs  appu^ently 
normal. 
Rabbit  SSO. '  Belgian  hare^  female.     Weighty  935  grams;  poorly  nourished. 

March  18:  3.35  p.  m.,  5  cc  2  per  cent  caffein  (107  mg  per  kilo)  injected  into  subcu- 
taneous tissues  in  the  back;  5.30  p.  m.,  no  symptoms. 

March  19:  9  a.  m.,  no  symptoms. 

March  25:  Weight,  825  grams. 
Rabbit  329.    Belgian  hare^   male.     Weight,   775  grams;  poorly  nourished.     Received 
March  18. 

March  18:  3.30  p.  m.,  4  cc  2  per  cent  caffein  (103  mg  per  kilo)  injected  into  sub- 
cutaneous tissues  m  the  back;  5.30  p.  m.,  no  symptoms. 

March  19:  9  a.  m.,  no  symptoms. 

March  25:  Rabbit  alive  in  good  condition;  weight,  825  grams. 
Rabbit  320.    Black,  male.     Weight,  1,040  grams.    Diet,  oats. 

March  17:  11  a.  m.,  6  cc  2  per  cent  caffein  (115  mg  per  kilo)  injected  ^ ibcutaneously 
in  the  back;  only  a  few  drops  of  urine  obtained  from  bladder  before  injecting  caffein; 
1  p.  m.,  rabbit  very  restless;  ran  away  when  placed  on  floor;  cried  when  touehed  with 
a  piece  of  paper;  no  tremors  observed,  but  rabbit  became  exhausted  and  was  uni^le 
to  walk;  legs  extended  out;  after  runnine  for  about  a  minute  dyspnoea  was  very 
marked,  but  rabbit  soon  raised  himself  on  nis  legs;  5.40  p.  m.,  rabbit  up  on  his  legs. 

a  SnrvlTad  first  dose. 


Digitized  by 


Google 


ACUTE  INTOXICATION — RABBITS. 


25 


March  18:  9  a.  m.,  found  dead,  but  etill  warm.    Autopsy:  Lungs  studded  with 
small  grayish  white  nodules,  adhesions  to  costal  pleura;  probably  lesions  of  coccidiosis; 
liver  studded  with  coccidiosis  nodules.    Hemorrhages  at  point  of  inoculation. 
Rabbit,  651,    Gray,  female.     Weight,  January  t6, 1,660  grams.    Diet,  oats;  fed  tOccof 
t6  per  cent  alcohol  daily  from  January  £6-Sl, 

January  31:  Weight,  1,450  grams;  10.20  a.  m.,  temperature  101.6^;  10.45.  a.  m., 
temperature  101.6**;  received  7  cc  2  per  cent  caffein  subcutaneouslv  into  back;  11.15 
a.  m.,  convulsions  of  short  duration;  raised  himself  on  posterior  legs,  anterior  legs 
wide  apart;  4.10  p.  m.,  looked  normal,  not  hypersensitive;  4.30  p.  m.,  condition 
seemed  to  be  good. 

February  1:  9  a.  m.,  found  dead,  was  alive  at  5.30  p.  m.  of  previous  day.  Autopsy: 
Lesions  found  involved  thoracic  cavity  mainly;  lungs  were  hepatized.  and  a  nbro 

Elastic  exudate  caused  them  to  adhere  to  costal  pleura;  liver  engorged  and  appeared 
itty;  no  marked  lesions  affecting  digestive  tract,  a  slight  catarrh  of  stomacn  being 
the  only  noticeable  feature;  kidneys  and  spleen  normal. 

Table  1. — Subcutaneous  injections  ofcaffein—rabbiti, 
SERIES  A. 


No. 

Weight. 

Cafleln 

a;. 

Appearance  of  symp- 
tomsin— 

Duration  ofli/e. 

Diet. 

Remarks. 

339 

Chnms, 
1,070 
1,170 
1,200 
1,066 
1,355 
1,820 
1,490 
1,915 

153 
150 
150 
147 
153 
174 
1«7 

Ihour  45  minutes 

do 

do 

Ihoar 

Survived 

Oats 

...do 

...do 

...do 

Do. 
White. 

331 
328 

392 

do 

do 

do 

?17 

do 

...do 

Do. 

?10 

do 

...do 

Maltese. 

1M 

do 

...do 

White. 

191 

do 

...do 

Light  brown. 

SERIES  B,  GROUP  I. 


95 
96 

1,478 
1,585 
875 
1,000 
1.300 
1,068 

210 
200 
205 
188 
200 
188 

2hours50mhiutes 

1  hour. 

3  hours  10  minutes 

About  18  hours 

Oats 

...do 

White. 
Gray  white. 
Black. 
Yellow  white. 

112 
119 

30  minutes 

do 

do 

...do 

...do 

195 

3  hours  10  minutes 

About  24  hours 

Carrots  .. 
...do 

White. 

?n8 

2  hours. 

Gray. 

SERIES  B,  GROUP  U. 


?47 

1,296 
1,305 
1,040 
1,045 

200 
200 
211 
211 

2.5  hours 

Survived 

Oats 

...do 

""•k. 

?48 

3  hours 

do 

7tX7 

1.5  hours 

do.... 

Carrots... 
...do 

Do. 

33« 

do 

do 

Do. 

SERIES  C. 


\??. 

2,060 
1,650 
1,170 
1,186 
1,135 
1,435 
1,270 
1,675 

250 
242 
240 
236 
246 
252 
240 
238 

2  hours  55  minutes 

1.5  days 

Oats 

Carrots... 
...do 

Oats 

...do 

...do 

Carrots... 
...do 

White. 

234 

About  24  hours 

do 

Survived. 

Do. 

335 
749 

Ihour 

4  hours 

Gray  oocddiosis. 

Gray. 

Yellow. 

321 
250 
334 

2  hours  10  minutes 

4  hours  35  minutes 

Ihour 

do 

do 

do 

233 

6  hours  10  minutes 

26  hours 

White. 
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Tablb  1. — Suhculaneous  injection$  o/caffein — rabbits — Continaed. 
SERIES  D. 


No. 

Weight 

Caffein 

Appearanoe  of  symp- 
toms In— 

Duration  or  life. 

Diet. 

nenmrkM. 

?')3 

QnrM. 
1,600 
1,336 

820 
1,465 
1,450 
1,645 
1,875 

860 
1,410 
1,216 
1,476 
1,246 
1,376 
1,670 
1,726 

^5 

270 
292 
273 
270 
243 
267 
267 
283 
276 
272 
276 
290 
293 
300 

10  Tninatw. r 

36  minutes 

4  hours  66  minutes. .  .. 

2  hours  16  minutes 

About  18  hours. 

Oats 

...do 

...do 

...do 

Brown  and  black. 

?5? 

30  TntainteB 

Black. 

3?7 

White. 

340 

White  and  brown. 

341 

1  hour  26  minutes. . .  r 

...do 

Do. 

3?« 

2  hours 

60  hours 

...do 

White. 

T\'S 

20  hours 

Carrots... 
Oats 

Do. 

316 
3W) 

2  hours  46  minutes ... . 
8  hours. 

3  hours  20  minutes 

Survived 

39.^ 

do 

do 

About2davs 

Oats 

...do 

Do. 

396 

Do. 

396 

Ihoor 

About  18  hours. 

...do 

Do. 

397 

3  days 

...do 

Do. 

398 

6.5  hours 

...do 

Do. 

399 

6  hours 

...do 

Do. 

SERIES  E. 


3?^ 

1,066 

936 

775 

1,040 

1,460 

112 
107 
103 
116 
100 

2  hours. 

Less  than 22 hours.... 
Survived. 

Oats 

White  female. 

330 

None. 

Gray. 
Gray  male. 

3?0 

do 

do 

3?0 

2  hours 

46  hours 

Oats 

...do 

Black  male. 

661 

80  minutes 

Gray  female. 

ADMIXISTRATIOX  BY  MOUTH. 

These  experiments  were  carried  out  on  two  varieties  of  rabbits,  the  white  and  the 
gray.  The  diet  consisted  chiefly  of  oats,  but  in  a  few  cases  carrots  formed  the  exclusive 
diet.  Food  and  water  were  given  ad  libitum.  A  2  per  cent  solution  of  caffein  wis 
administered  through  a  stomach  tube.  Since  the  resistance  to  most  drugs  is  com- 
monly supposed  to  be  greater  when  given  by  mouth  than  when  administered  by  any 
other  path,  doses  of  175  to  200  mg  per  kilo  were  fed  in  a  series  of  preliminary  experi- 
ments, all  of  which  were  performed  on  gray  rabbits  weighing  from  865  to  1,135  grams, 
and  which  were  fed  carrots  for  several  days  previous  to  the  experiment.  Three  of  the 
rabbits  survived,  two  without  showing  any  symptoms;  in  the  other  case  paralysis  of 
the  posterior  extremities  was  observed  five  hours  after  he  received  caffein  and  he  wis 
foimd  dead  the  next  morning.  Unfortunately  no  autopsy  was  performed .  The  low 
resistance  to  caffein  of  this  animal  was  probably  due  to  some  abnormal  condition  which 
developed  about  the  time  of  the  experiment,  since  this  rabbit  received  325  mg  of 
caffein  per  kilo  two  weeks  previously  and  increased  reflexes  only  were  observed  as  a 
result  of  this  treatment.  Hence  200  mg  of  caffein  per  kilo  can  not  be  considered  the 
toxic  dose  when  fed  by  mouth.  In  the  following  experiments  larger  doses  were 
therefore  given. 

Sebibs  a. 

Rabbit  S48.    Belgian  hare.     Weight,  1,170  grams.    Diet,  oats. 

November  17:  1.20  p.  m.,  19.5  cc  2  per  cent  caffein  (330  mg  per  kilo)  administered 
by  the  mouth;  4.30  p.  m.,  somewhat  hypersensitive. 

November  19:  No  symptoms;  at  9  a.  m.,  urine  collected,  no  reduction  of  Failing's 
solution;  rabbit  survivea. 
Rabbit  t41>     While  male.     Weight,  1,S80  grams.    Diet,  oats. 

November  17:  1.15  p.  m.,  20  cc  2  per  cent  caffein  (290  mg  per  kilo)  administered 
by  the  mouth;  4.30  p.  m.,  some  hypersensitiveness,  but  no  other  eymptoms. 

November  18:  9  a.  m.,  urine  collected,  no  reduction  of  Fehung^s  solutioD;  no 
symptoms;  rabbit  survived. 
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Rabbit  249.    Belgian  hare.     Weighty  890  grams.    Diet,  oaU, 

November  17:  1.30  p.  m.,  14.5  cc  2  per  cent  caffein  (325  mg  per  kilo)  administered; 
4.30  p.  m.,  hypersensitivenees;  no  other  symptoms. 

November  18:  10  a.  m.,  no  symptoms;  inline  collected,  no  reduction;  rabbit  sur- 
vived. 

Sebies  B. 

The  object  of  these  experiments  was  to  determine  the  minimum  fatal  dose  of  caffein 
in  the  two  varieties  of  rabbits,  the  white  and  the  gray.  All  of  the  animals  selected 
were  approximately  of  the  same  weight. 

Rabbit  2S9.    Belgian  hare,  male.     Weight,  935  grams.    Diet,  oats, 

November  19:  4  p.  m.,  17  cc  2  per  cent  caffein  (363  mg  per  kilo)  administered  by 
mouth,  followed  by  10  cc  of  0.9  per  cent  salt  solution. 

November  20:  Urine  examined,  no  sugar  found,  no  symptom  noticed  at  any  time 
after  injection. 
Rabbit  £54-    Belgian  hare,  female.     Weight,  975  grams.    Diet,  oats. 

November  19:  4.05  p.  m..  18  cc  2  per  cent  canein  (369  mg  per  kilo)  administered  by 
mouth,  followed  by  10  cc  oi  0.9  per  cent  salt  solution. 

November  ?0:  9  a.  m.,  rabbit  found  dead. 
Rabbit  267,    WhiU.     Weight,  1,050  grams.    Diet,  oats. 

November  23 :  12. 10  p.  m. ,  18  cc  2  per  cent  caffein  (342  mg  per  kilo)  given  by  mouth, 
followed  by  18  cc  salt  solution;  1  p.  m.,  increased  reflexes,  tremors  marked  but  no  teta- 
nus; 1 .05  p.  m.,  rabbit  stretched  on  abdomen,  posterior  extremities  in  extended  position 
and  paralyzed,  soon  after  clonic  spasms  set  in,  which  recurred  about  every  minute; 
1.14  p.  m.,  tetanus  and  death.  Autopsy:  Liver  showed  fatty  degeneration;  slight  in- 
flammation of  stomach  and  intestines;  other  organs  normal. 
Rabbit  268.     White,     Weight  1,100  grams.    Diet,  oats. 

November  23:  20  cc  2  per  cent  caffein  (363  mg  per  kilo)  administered  by  mouth,  fol- 
lowed by  20  cc  salt  solution;  1.15  p.  m.,  somewhat  hypersensitive;  4.30  p.  m.,  tremors 
fairly  marked,  no  urine  passed,  about  2  cc  of  bloody  looking  urine  obtained  from  blad- 
der, which  contained  albumen  and  a  considerable  amount  of  glycogen;  rabbit  died. 
Rabbit  419,  Belgian  hare,  male.     Weight,  1,600  grams.    Diet,  oats. 

September  26:  10  a.  m.,  28  cc  2  per  cent  canein  (350  mg  per  kilo)  given  by  mouth; 
reflexes  increased  at  4  p.  m.;  6  p.  m.,  reflexes  still  increased,  no  other  symptoms. 

September  27:  9  a.  m.,  found  dead.    Autopsy:  Lungs,  liver,  and  kidneys  congested; 
other  organs  normal. 
Rabbit  420,    Belgian  hare,  male.     Weight,  1,250  qrams.    Diet,  oats. 

September  26:  10  a.  m.,  22  cc  2  per  cent  caffem  (352  me  per  kilo)  given  by  mouth; 
11 .35  a.  m.,  convulsions;  12  noon,  found  dead.    Autopsy:  Liver  showed  very  extensive 
coccidiosis;  no  other  lesions. 
Rabbit  421,    Belgian  hare,  male.     Weight,  1,485  grams.    Diet,  oats. 

September  26:  10  a.  m.,  26  cc  2  per  cent  caffein  (351  mg  per  kilo)  administered  by 
mouui;  4p.m.,  reflexes  increased;  6  p.  m.,  reflexes  as  before,  no  tetanus  observed. 

September  27:  9  a.  m.,  rabbit  found  dead.    Autopsy:  Congestion  of  lungs  and  kid- 
neys; liver  congested  and  slightly  feitty. 
Rabbit  424.     White,  male.     Weight,  1,295  gramas.    Diet,  oats. 

September  26:  2  p.  m.,  19  cc  2  per  cent  caffein  (293  mg  per  kilo)  administered  by 
mouUi;  4  p.  m.,  reflexes  increased,  no  other  symptoms;  6  p.m.,  no  change  since  4  p.  m. 

September  27:  12  noon,  convulsions  and  death.    Autopsy:  Congestion  of  the  lungs; 
no  other  lesions. 
Rabbit  42S.    White,  male.     Weight,  1,205  gramis.    Diet,  oats. 

September  26:  2  p.  m.,  18  cc  2  per  cent  caffein  administered  by  mouth;  4  p.  m., 
reflexes  increased,  no  tetanus;  6  p.  m.,  condition  unchanged  since  4  p.  m. 

September  27:  9  a.  m.,  found  dead.    Autopsy:  Lungs  liver,  and  kidneys  congested; 
other  organs  normal. 
Rabbit  422.     WhiU,  male.     Weight,  1,440  grams.    Diet,  oats. 

September  26:  2  p.  m.,  21  cc  2  per  cent  caffein  (291  mg  per  kilo)  given  by  mouth; 
reflexes  increased  at  4  p.  m. 

September  27:  3  p.  m.,  alive,  no  symptoms;  4  p.  m.,  convulsions  with  recovery,  this 
was  soon  followed  by  a  violent  attack  of  tetanus,  which  lasted  about  one  minute  and 
was  succeeded  by  paralysis;  rabbit  died  at  4.30.  AiUopsy:  Liver  slightly  congested; 
a  small  portion  of  the  intestine  showed  congestion  and  edema;  other  organs  normal. 
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A  study  of  these  expmmfflita  riiows  also  considerable  vamtum  in  the  toxidty  4 
caffein  when  given  by  mouth.  In  some  cases  a  dose  of  300  mg  per  kilo,  and  evoi  la, 
caused  death,  as  in  rabbits  423  and  424.  In  other  rabbits,  however,  approximatdy  tk 
same  doses  of  caffein  produced  increased  reflexes  only.  The  same  symptCMns  were  fo> 
duced  in  Noe.  248  and  249  after  the  administration  of  325-330  mg  of  caffein  per  kiK 
while  another  rabbit  (No.  239)  survived  a  dose  of  363  mg  per  kilo.  That  this  is  excep- 
tional, however,  appears  from  the  result  of  the  following  experiments  on  rabbha 
Nos.  419,  420,  and  421,  all  of  which  died  after  receiving  350  mg  of  caffein  per  kilo,  aad 
rabbits  267  and  268,  to  which  doses  of  363  and  342  mg,  respectively,  p^*  kilo  prored 
fatal.  It  will  be  observed  further  that  the  gray  rabbits  are  more  resistant  to  caffcia 
than  the  white  animals,  as  350  mg  per  kilo  was  the  smallest  fiital  dose  tor  nbhita  419, 
420,  and  421,  all  of  which  were  gray  rabbits,  while  a  dose  of  290  mg  per  kilo  was  btil 
for  some  of  the  white  rabbits.  Again,  it  will  be  noticed  that  of  the  two  gray  rahbiu, 
Nos.  254  and  239,  which  received  the  largest  doses  in  these  experiments,  namely,  3® 
and  363  mg,  respectively,  one  survived.  The  largest  doses  given  to  the  white nbbhi 
were  363  and  342  mg  caffein  per  kilo.  Both  of  these  died  from  the  effects  of  the  dn^ 
It  may  be  concluded,  therefore,  that  the  minimum  toxic  dose  for  the  gray  rabbit  is 
about  325  mg  of  caffein  per  kilo,  and  the  minimum  htal  dose  is  at  least  350  mg  pa  kDo. 
It  is  to  be  remarked  in  this  connection  that  post-mortem  examination  showed  ex- 
tensive coccidioeis  in  rabbit  420  and  fatty  liver  in  No.  421,  while  the  maeroscopioJ 
examination  of  the  organs  of  Nos.  424  and  423  Mled  to  show  the  presence  of  sad 
abnormalities.  Since,  as  was  observed  in  the  section  on  subcutaneous  injectiaQ  isd 
elsewhere  in  this  investigation,  pathological  changes  are  apt  to  decrease  the  resisUnce 
to  caffein,  it  is  quite  possible  that  350  mg  per  kilo  is  not  the  miniTniim  £atal  dose  lor 
the  normal  rabbit.  Indeed,  the  experiment  on  rabbit  239  lends  support  to  tbk 
view,  thus  fiunishing  additional  evidence  of  difference  in  the  resistance  to  caSeis 
in  the  two  varieties  of  rabbits. 


239 
254 
267 
268 
419 
420 
421 
424 
423 
422 


Table  2. — Administration  of  caffein  by  mouth. 
8BRIS8  A. 


Rab- 
bit 
No. 

Weight. 

Caffein 
per  kilo. 

STinptoiiia. 

DuraUoDoflUe. 

Diet. 

t 

Remarks. 

248 

Granu. 

1,170 

1,380 

800 

Mg. 

330 
290 
325 

3  hours  10  minutes 

2  hours  15  minutes 

3  hours 

Survived 

Oats.... 
.;.do.... 
...do... 

Wtaftemsis. 

241 
249 

do 

do 

SERIES  B. 


935 

363 
360 
342 
363 
350 
852 
851 
293 
300 
291 

Survived 

Oats.... 
...do. 

Ofay  mils. 

OravfBDilt. 

White. 

975 

About  2  da}^ 

1,050 
1,100 

50  minutes 

i  hour  4  minutes 

...do... 

...do 

Do. 

1,600 

6  hours 

Less  than  24  hours 

2honrs 

I/esn  than  24  hours 

...do.... 
...do.... 
...do.. 

Onymale. 
Do. 

1.250 
1  485 

1  hour  35  minutes 

6  hours 

1.295 

2  hours 

22  hours 

...do 

White  dbIs. 

1.205 
1,440 

do 

do 

Less  than  19  hours 

2|  hours. 

...do.... 
...do 

Da 
Do. 

iNJBCTioN  nrro  thb  peritonbai.  cavity. 

In  a  number  of  experiments  caffein  was  introduced  into  the  peritoneal  cavity. 
Rabbits  of  different  varieties  receiving  a  diet  of  oats  or  carrots  were  employed  lot  ibis 
purpose;  food  and  water  were  given  ad  libitum.  The  minimum  doses  required  to 
induce  symptoms  or  cause  death  in  these  animals  were  determined;  tests  wiUi  caffoB 
were  also  made  on  young  rabbits  in  order  to  study  the  influence  of  age  on  the  resistance 
to  this  subfltance.    The  results  are  shown  in  the  following  experiments: 
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Sbbies  A. 

In  this  series  large  doses  were  administered,  approximating  0.3  gram  per  kilo. 

Rabbit  71.    Gray  female.     Weighty  1,659  grams. 

January  20:  2.20  p.  m.,  25  cc  aqueous  solution  2  per  cent  caffein  (300  mg  per  kilo) 
were  injected  into  flie  peritoneal  cavity;  3.45  p.  m.,  when  doors  of  cage  were  opened 
rabbit  had  spasm  of  short  duration. 

January  21:  Rabbit  found  dead. 
Rabbit  72.    Gray  and  white.     Weighty  1,402  grams. 

Janiiary  21:  11.17  a.  m.,  20.2  cc  (aqueous  solution)  of  2  per  cent  caffein  (300  mg 
per  kilo)  injected  into  peritoneal  cavity  from  burette;  11.25  a.  m.,  pu^vsis;  11.30 
a.  m.,  rabbit  had  convulsion  when  picked  up  from  the  floor,  followed  by  several 
spasms  later;  11.35  a.  m.,  typical  tetanus;  12.30  noon,  found  dead. 
Rabbit  61.    Black  female.     Weight,  2,14S  gramas. 

January  19:  40  cc  2  per  cent  caffein,  aqueous  solution  (300  mg  per  kilo),  injected 
into  peritoneal  cavity  from  burette;  tetanus  when  about  30  cc  were  injected;  when 
removed  from  holder,  repeated  and  violent  convulsions,  terminating  in  death. 

Series  B. 

The  object  of  these  experiments  was  to  determine  the  minimum  lethal  dose;  0.2  to 
0.15  gram  of  caffein  per  kilo  was  injected  into  the  rabbits  of  this  series. 

RabbU  69.     WhiU  female.     Weight,  1,714  grams. 

January  20:  10.15  a.  m.,  6  cc  2  per  cent  caffein,  aqueous  solution,  injected  into 
peritoneal  cavity.  No  symptoms,  under  observation  for  45  minutes,  rabbit  defecated 
rather  copiously;  feces  were  soft;  11  a.  m.,  6  cc  2  per  cent  caffein,  aqueous  solution, 
injected  into  peritoneal  cavity,  no  symptoms,  under  observation  for  40  minutes;  11.40, 
6  cc  2  per  cent  caffein  injected  into  peritoneal  cavity;  11.45,  rabbit  is  restless,  reflexes 
indreased.' 
Rabbit  70.    Gray  and  white  female.     Weight,  1,487  grams. 

January  20:  1.30  p.  m.,  15  cc  2  per  cent  aqueous  solution  of  caffein  (0.2  gram  per 
kilo)  injected  into  tne  peritoneal  cavity:  2.20  p.  m.,  no  symptoms. 

January  30:  About  2  p.  m.  rabbit  diea. 

February  1:  AtUopsy:  CirrhosiB  of  the  liver;  enteritis  of  small  intestines;  stomach 
and  kidneys  normal. 
Rabbit  9S.     Maltese,  male.     Weight,  1,197  grams. 

March  2:  11.30  a.  m.,  12  cc  of  2  per  cent  caffein  (200  mg  per  kilo)  injected  into 
peritoneal  cavity;  11.35  a.  m.,  while  being  released  from  holder,  tetanus  occurred, 
repeated  attacks  later,  clonic  convulsions  with  tonic  rigidity  of  posterior  extremities 
during  the  attacks  as  well  as  during  intervals,  anterior  extremities  were  relaxed  during 
the  intervals  between  the  attacks,  opisthotonos  of  cervical  region  but  kyphosis  in 
lumbar  re^on  were  observed,  no  salivation  nor  dilatation  of  the  pupils;  2  p.  m., 
rabbit  died. 

Rabbit  92.     Yellow  female.     Weight,  1,388  grams. 

February  25,  4.15  p.  m.,  14  cc  2  per  cent  caffein  (0.2  gram  i)er  kilo)  injected  into 
peritoneal  cavity;  4.20  p.  m.,  restlessness  and  increased  reflexes,  rabbit  found  stretched 
out  in  cage,  but  raised  nimself  on  his  \e^  again:  4.45,  general  tremor  when  touched. 

February  26:  9  a.  m.,  rabbit  found  dead.    AtUopsv:  Hemorrhage  into  abdominal 
muscles  at  site  of  injection;  hemorrhage  also  in  waJls  of  stomadb  opposite  similar 
spot  in  abdominal  wall. 
Rabbit  309.    Belgian  hare,  female.     Weight,  1,600  grams.    Diet,  oats. 

March  2:  2.05  p.  m.,  2per  cent  caffein  solution  ^0.2  cram  per  kilo)  injected  into 
peritoneal  cavity;  2.25  p.  m.,  found  dead,  no  urine  found  in  bladder. 
Rabbit  307.    Belgian  hare,  female.     Weight,  1,320  grams.    Diet,  oats. 

Ma^ch  2:  12  noon,  urine  obtained  from  bladder,  clear  amber  colored,  no  albumin, 
no  reduction;  12.06  p.  m.,  10  cc  of  2  per  cent  caffein  (0.151  gram  per  kilo)  injected 
into  peritoneal  cavity;  1.30  p.  m.,  rabbit  placed  on  floor,  runs  aroima  but  anterior  and 
posterior  extremities  soon  extended,  in  tonic  condition;  2.25  p.  m.,  reflexes  increased, 
paralysis  of  extremities,  dyspnoea;  4.50  p.  m.,  about  100  cc  urine  collected,  no 
albumin,  reduction  of  Fehlin^'s  solution  moderate. 

March  3:  9.30  a.  m.,  postenor  extremities  extended  and  rigid,  author  extremities 
paralyzed,  respiration  less  frequent  and  deeper  than  normal.  Rabbit  died  at  11.50 
a.  m.;  urine  collected  since  4.50  p.  m.  previous  day  gave  very  heavy  reduction  of 
Fehling's  solution.    AtUopsy:  Animal  in  good  condition;  in  the  left  axillary  region 
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was  obflerved  a  hemorrixage  into  the  mibcutaneooB  and  muscular  tissue  of  that  n^cm^ 
The  ventral  portion  of  the  laige  colon,  in  contact  with  the  ventral  abdominal  wall 
showed  a  hemorrtiagic  area  about  one-half  inch  in  length,  such  as  might  be  produced 
bv  a  puncture  or  bruise  of  the  colon  through  the  aMominal  wall.  A  small  portka 
of  the  small  intestine  adjacent  to  the  colon  was  affected  in  a  similar  manner.  AH 
internal  organs  were  apparently  normal. 
Rabbit  308.    Belgian  hare,  female.     Weight,  1,S50  aramt.    Diet,  oats. 

March  2:  11.45  a.  m.,  urine  obtained  from  bladder,  no  albumen,  no  redoctiaB; 
11.50  a.  m.,  10  cc  2  per  cent  caffein  (0.15  gram  per  kilo)  injected  into  peritcmeal  cat- 
ity  •  1.30  p.  m.,  not  very  active,  no  abnormal  symptomswotherwise;  3.  30  p.  m.,  rabbix 
looked  depressed,  made  very  little  attempt  to  move  about,  remained  in  one  positks 
most  of  the  time  when  placed  on  floor;  4.30  p.  m.,  180  cc  urine  collected,  no  albuiiieL 
reduction  of  FehUng's  solution  moderate. 

March  3:  9.30  a.  m.,  rabbit  looks  normal,  is  able  to  walk  but  is  easilv  fatigued  whco 
made  to  walk  about  or  when  placed  on  his  side,  followed  by  paralysis  of  antenor 
extremities,  posterior  extremities  apparently  normal,  about  90  cc  of  urine  collected 
at  noon  was  free  from  albumen,  did  not  reduce  Fehlin^'s  soluticm. 

March  4:  11  a.  m.,  lying  on  his  side  in  cage,  antenor  extremities  limp,  posterior 
extremities  extended  and  rigid,  is  in  dying  condition. 

March  5:  9  a.  m.,  found  destd.  Autopsy:  Liver  engorged;  spleen  congested,  but 
not  enlarged;  kidneys,  some  congestion  m  cortex;  stomach  fiUed,  mucosa  thickened 
and  easily  pulled  off;  petechial  hemorrhages  on  serosa  of  colon. 

Series  C. 

The  experiments  of  this  series  were  made  to  determine  the  minimnm  toxic  dose. 
Rabbit  £95.    Belgian  hare,  female.     Weight,  l,t05  grams.    Diet,  carrots. 

March  1: 10.40  a.  m.,  6  cc  2  per  cent  caffein  (0.1  gram  pjer  kilo)  injected  into  peri- 
toneal cavity;  about  2  cc  of  urine  obtained  before  injecting  caffein;  2  p.  m,  100  cc 
urine,  bloody  in  appearance,  collected,  a  moderate  quantity  of  albumen  present,  no 
reduction;  3.40  p.  m.,  no  symptoms. 

March  4:  2  p.  m.,  rabbit  looks  well. 
Rabbit  S9S.    Belgian  hare,  female.     Weight,  lj605  grams.    Diet,  carrots. 

March  1:  Urine  from  bladder  clear,  alkalme;  11.55  a.  m.,  8  cc  2  p^  cent  caffeis 
(0.1  gram  per  kilo)  injected  into  peritoneal  cavity;  3  p.  m.,  90  cc  mine  normal  in  color 
collected,  no  albumen,  no  reduction;  3.40  p.  m.,  no  symptoms. 

M^uch  4:  1.15  p.  m.,  rabbit  looks  normal. 
Rabbit  t9i.    Belgian  hare,  male.     Weight,  1,595  grams    Diet,  carrots. 

March  1:  10.10  a.  m.,  8  cc  2  per  cent  caffein  (0.1  gram  per  kilo)  solution  injected 
into  peritoneal  cavity;  10.40  a.  m.,  rabbit  urinated,  reflexes  increased,  but  no  olber 
symptoms;  10.50  a.  m.,  no  urine  obtained  from  bladder;  2  p.  m.,  105  cc  of  clear  pale 
urine  collected;  no  albumen,  no  reduction;  3.40  p.  m.,  no  symptoms. 

March  4:  2  p.  m.,  rabbit  looks  well,  urine  collected,  did  not  contain  sugar. 
Rabbit  298.    Belgian  hare,  female.     Weight,  1,205  orams.    Diet,  carrots. 

March  1:  4.06  p.  m.,  7.5  cc  2  per  cent  caffein  solution  (0.125  gram  per  kilo)  injected 
into  peritoneal  cavity,  luine  obtained  from  bladder  immediately  after  injection,  no 
albumen,  no  reduction;  5.30  p.  m.,  reflexes  increased,  rabbit  was  able  to  run  around, 
but  became  paralyzed  soon;  5.40  p.  m.,  rabbit  is  again  able  to  run  around. 

March  3:  10  a.  m.,  anterior  extremities  paralyzed,  is  able  to  use  posterior  extremi- 
ties. 

March  4:  1  p.  m.,  rabbit  looks  normal. 
Rabbit  22S.    Belgian  hare,  male.     Weight,  1,165  grams.    Diet,  carrots. 

March  1:  3.50  p.  m.,  urine  obtained  from  bladder  clear,  amber  colored,  no  albumen, 
no  sugar;  3.52  p.  m.,  7.5  cc  2  per  cent  caffein  (125  mg  per  kilo)  injected  into  peri- 
toneal cavity;  5.40  p.  m.,  rabbit  makes  little  attempt  to  run  when  put  on  the  floor, 
weakness  of  extremities  marked. 

March  4:  1.15  p.  m.,  rabbit  normal. 

Series  D. 

The  object  of  the  experiments  of  this  series  was  to  study  the  effect  of  age  on  the 
resistance  to  caffein.    Half-grown  rabbits  were,  therefore,  used  in  the  following  experi- 
ments. 
RahbU  SIO.    Belgian  hare,  female.     Weight,  880  grams.    Diet,  oats. 

March  2:  3.25  p.  m.,  9  cc  2  per  cent  caffein  (0.2  gram  per  kilo)  injected  into  pen- 
toneal  cavity. 
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March  3:  9.30  a.  m.,  no  symptoms,  rabbit  looks  nonnal. 

March  4:  11  a.  m.,  posterior  extremities  abducted,  walked  when  placed  on  the 
floor,  made  no  attempt  to  change  attitude  when  placed  on  its  side,  remained  some 
time  in  this  position. 

March  5:  9  a.  m.,  found  dead.    AtUovsy:  Liver  showed  areas  of  degeneration; 
kidneys  congestion  and  petechial  hemorrnage  on  cortex;  small  and  large  intestines, 
inflammation  marked;  bladder  distended. 
Rabbit  75,    Gray  and  white,  female.     Weighty  84S  grams. 

January  25:  3  p.  m.,  8.5  cc  2  per  cent  caffein  solution  (0.2  gram  per  kilo)  injected 
into  peritoneal  cavity;  3.15  p.  m.,  anterior  extremities  weak  and  reflexes  increased. 

January  27:  Rabbit  paralyzed  but  is  able  to  turn  over  when  placed  on  back. 
Rabbit  74.    Gray  and  white,  female.     Weight,  692  gram>$. 

Januuy  25:  3  p.  m.,  7  cc  2  per  cent  caffein  (0.2  ^ram  i>er  kilo)  solution  injected 
into  peritoneal  cavity ;  3.15  p.  m.,  reflexes  increased  and  anterior  extremities  paralyzed. 

January  27:  Rabbit  recovered  and  is  able  to  walk  about  in  the  room. 
Rabbit  312,  maltese,  female.     Weight,  740  grams.    Diet,  oats. 

March  3:  11.47  a.  m.,  urine  obtained  from  bladder,  appearance  normal,  no  albumen, 
no  reduction  of  Fehlin^'s  eolutionj  11.50  a.  m.,  7.5  cc  2  per  cent  caffein  (0.2  gram  per 
kilo)  injected  into  peritoneal  cavity;  2.30  p.  m.  anterior  extremities  paralyzed,  pos- 
terior extremities  rigid  and  extended;  5  p.  m.  (about),  rabbit  died. 
Rabbit  311.    Belgian  hare,  female.     Weight,  660  grams.    Diet.  oats. 

March  3:  11.26  a.  m.,  urine  obtained  from  bladder  nonnal  in  appearance,  albumen 
considerable,  reduction  of  Fehling*s  solution  none;  11.27  a.  m.,  6  cc  2  per  cent  caffein 
solution  (0.2  gram  per  kilo)  injected  into  peritoneal  cavity:  2.30  p.  m.,  rabbit  seemed 
to  be  normal,  no  sjrmptoms  had  developed;  urine  collectea  con  tamed  a  large  amount 
of  sugar,  reduction  was  very  heavy,  but  no  albumen  was  found. 

March  4:  11  a.  m.,  condition  good,  moves  about  when  put  on  floor;  gait,  normal. 
Rabbit  78.     Yellow  and  white.    Weight  659  gra;rns. 

January  26:  1.30  p.  m.,  8.5  cc  2  per  cent  caffein  ^250  mg  per  kilo)  injected  into 
peritoneal  cavity,  imder  observation  the  rest  of  the  attemoon,  no  symptoms. 

January  27:  4  p.  m.,  no  symptoms  developed. 
Rabbit  317.    Belgian  hare,  female.     Weight  635  grams.    Diet  oats. 

March  15:  10.35  a.  m.,  8  cc  2  per  cent  caffem  (0. 252  gram  per  kilo)  injected  into 
peritoneal  cavity;  12  noon,  marked  abduction  of  hind  legs,  was  imable  to  walk  after 
a  little  exertion,  rabbit  died  between  12.30  and  12.50  p.  m.  Autopsy.  Right  lun? 
hepatized  and  showed  adhesions  to  costal  and  mediaistinal  pleura;  Uver  studdea 
with  nodules  of  coccidiosis;  spleen  congested;  stomach  filled,  mucosa  normal;  intes- 
tines injected;  colon  hemorrhagic  on  serosa  in  ventral  region,  near  point  of  injection; 
kidneys  normal. 
Rabbit  323.     White,  female.     Weight  820  grams.    Diet  oats. 

March  15:  10.45  a.  m.,  10  cc  2  ]^  cent  oaffein  (250  mg  per  kilo)  injected  into  peri- 
toneal cavity;  12  noon,  reflexes  increased,  hind  legs  abducted  but  is  able  to  walk, 
symptoms  are  mild;  1.40  p.  m.,  tremors,  weaknesB,  and  abduction  of  head  and  legs 
mucn  more  marked  than  at  12  noon. 

March  16:  Condition  good. 

March  17:  Condition  good,  recovery  apparently  complete. 

Since  the  experiments  of  Series  A,  which  were  intended  as  preliminary  tests,  have 
shown  that  0.3  gram  of  caffein  per  kilo  when  introduced  into  the  peritoneal  cavity  is 
rapidly  absorbed  and  is  fatal,  much  smaller  doses  were  employed  in  subsequent 
trials  with  the  drug.  This  is  shown  in  series  B,  which  may  be  divided  into  two 
groups.  Group  I,  consisting  of  rabbits  69,  70,  92,  93,  and  309,  which  received  0.2 
gram  of  caffein  per  kilo,  and  Group  II,  Nos.  307  and  308,  into  which  0.15  gram  of 
caffein  per  kilo  was  injected.  Three  rabbits  of  Group  I  (Nos.  92,  93,  309)  died  from 
the  effects  of  caffein;  rabbit  309  twenty  minutes  after  injection,  and  rabbits  Nos.  92 
and  93,  twenty  hours  and  two  and  one-half  hours,  respectively,  after  the  administration 
of  caffein.  In  both  of  these  rabbits  symptoms  appeared  within  five  minutes  after  the 
injections  were  made.  Rabbits  69  and  70,  it  will  be  noticed,  survived  the  same 
amount  of  caffein  in  proportion  to  body  weight  as  was  given  to  the  other  members  of 
this  group.  Increased  peristalsis  and  the  distribution  of  the  dose  may  account  for  the 
greater  resistance  of  rabbit  No.  69.  The  case  of  rabbit  No.  70  is  evidently  one  of  ex- 
ceptional remstance  to  caffein,  since  both  the  rabbits  of  Group  II  died  from  the  effects 
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of  a  much  smaller  dose,  namely,  0. 15  gram  of  caff ein  per  kilo.  Moreover,  macroscopka] 
examination  at  the  autopey  of  Nos.  307  and  308  failed  to  show  any  lesions  which  migfai 
tend  to  lessen  the  resistance  to  caffein. 

That  a  dose  of  0.15  gram  per  kilo  is  theref(»re  in  all  probability  the  TniniTnnm  fatal 
dose  for  the  rabbit  when  injected  into  the  peritoneal  cavity  appears  from,  the  resulQ 
of  the  experiments  in  series  C,  in  which  smaller  doses,  0.125  gram  of  caffein  per  kik 
caused  mild  symptoms  only,  while  0.1  gram  per  kilo  rarely  induced  any  symptoms. 
It  may  be  remarked  that  the  rabbits  of  series  C  were  fed  carrots  while  rabbits  Nos.  3C7 
and  308  received  oats.  Their  resistance  to  caffein  may  be  different,  but,  as  was 
pointed  out  in  the  earlier  part  of  this  investigation,  diet  does  not  seem  to  influence  the 
toxicity  of  the  single  dose  of  caffein.  Doses  of  150  and  of  100  to  125  mg  per  kilo,  when 
injected  into  the  peritoneal  cavity,  may  be  considered,  respectively,  as  the  TniTifTnnm 
fatal  and  minimum  toxic  doses  for  the  gray  rabbit.  Analysis  of  the  experiments  ia 
series  D  shows  much  greater  resistance  to  caffein  than  in  the  other  rabbits  whicli 
received  it  intraperitoneally.  Thus,  after  the  administration  of  0.2  gram  per  kilo  lo 
each  of  five  rabbits,  no  effect  was  observed  in  two  cases  (Nos.  310,  311),  while  in  two 
others  (Nos.  74,  75)  symptoms  developed,  but  they  survived.  Only  one  rabbit,  No- 
312,  died  from  the  effects  of  this  dose;  the  autopsy  showed  the  presence  of  d^enen- 
tion  of  the  liver  and  petechial  hemorrhages  on  the  cortex  of  the  kidneys  in  the  case  ot 
No.  310,  which  was  probably  the  cause  of  death  rather  than  the  caffein. 

Two  decigrams  of  caffein  can  not  be  considered,  therefore,  the  ^tal  dose  for  rabbiu. 
This  is  further  corroborated  by  the  results  obtained  in  experiments  with  larger  doses. 
Rabbit  78,  which  received  257  mg  per  kilo,  failed  to  show  any  symptoms.  The  msm 
amoimt  in  proportion  to  body  weight  in  No.  323  caused  mild  symptoms  only,  whik 
the  rapid  death  of  rabbit  No.  317  after  the  same  dose  of  caffein  may  be  explained  by  iha 
lesion  found  at  autopsy,  thus  affording  additional  evidence  that  disease  may  decrease 
the  resistance  to  caffein.  It  will  be  observed  that  all  the  members  of  this  series  were 
young  rabbits  and,  as  will  be  shown  later,  yoimg  animals  of  other  species  are  likewise 
more  resistant  to  caffein  than  adult  animals.  Similar  results  were  obtained  by  toq 
Anrep,  who  observed  that  atropin  is  less  toxic  in  young  than  in  fuU-grown  ^^imftla 

Observations  were  also  made  on  the  diuretic  effect  of  caffein  when  injected  into  the 
peritoneal  cavity.  The  results  shown  in  the  following  table  indicates  the  stimulatang 
effect  on  renal  secretion  whether  the  diet  consisted  of  oats  or  of  carrots.  The  urine  of 
some  rabbits  contained  moderate  amounts  of  sugar  after  from  0.2  to  0.15  gram  of  caff@n 
per  kilo  was  given ;  albumen  was  observed  in  one  case,  but  in  none  of  the  others.  In 
rabbit  No.  311  albumin  was  found  before  the  injection  of  caffein,  but  none  in  the  urine 
which  was  collected  three  hours  after  caffein  was  injected. 


Effect  of  caffein  on  renal  secretion. 


No. 

Weight. 

Caffein 
per  kik). 

Urine. 

Time. 

Diet 

307 

Onnu. 
1.320 
1,306 
1,206 

1,006 
1,505 

Oram. 
0.150 
.150 
•       .100 

.100 
.100 

ce. 

100 
180 
100 

90 
105 

4.5  hoars 

do 

2hoars20min- 
ates. 

Shours. 

4  hours, 

Oats. 

308  

Da 

295 

Carrots. 

293 

Do. 

292 

Do. 

Note.— The  amount  pf  urine  secreted  in  ttiree  hours  by  control  rabbits,  on  a  carrot  diet,  varied  bet^wa 
35  and  50  cc,  the  average  weight  of  the  anbnals  being  a  Ilttia  above  1,600  grams.  The  seorstioo  of  oiiae 
on  an  oat  diet  was  muoh  less  for  an  equal  period  of  ume. 
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Tablb  3. — hUraperitonedl  injeetionB, 

8£RI£B  A. 


No. 

Weight. 

Caffeln 
perUlo. 

Time  of  appeoranoe  of 
sympUmg, 

Duration  of  life. 

Remarks. 

71 

Orams. 
I,ft59 
3,143 
1,402 

Gnm. 
0.3 
.3 
.3 

85  mlnntes. 

24  hours 

Gray. 
Black. 

61 

At  the  end  of  injection . . 
1.25  hour 

72 

8  minutes 

Gray  and  white. 

SERIES  B,  GROUP  I. 


70 

1,4S7 
1,492 

1,400 

1,388 
1,000 

.2 

.2 
.2 
.2 

10  days 

Orav  and  white. 
MaUeee;    givra   seoond 

dose  after  3  days,  died 

3.5  hours  later. 
White. 

03 

^  minutes. 

2./)  hours..    ...  .  ..  . 

60 

AboutSmlnuteB 

6  minutes 

Survived 

02 

24  hours 

Yellow. 

800 

20  minutes 

Belgian;  oats. 

SERIES  B,  GROUP  n. 


ao6 

ao7 


1,350 
1,320 


0.15 
.15 


8  hours  and  40  minutes. 
1  hour  24  minutes... 


About  3.5  days.. 
24  hours 


Deldan;  ( 


SERIES  C. 


223 

1,165 
1,605 
1,206 
1,595 
1205 

0.125 
.1 
.1 
.1 
.125 

2  hours 

Survived 

Bel^an:  carrots. 

203 

do 

205 
202 
296 

m  hours.'.*.  I. ......... 

do 

do 

do 

Do. 
Do. 
Do. 

SERIES  D. 


310 

880 
650 
740 
659 
842 
602 
635 
820 

0.2 
.2 
.2 
.257 
.2 
.2 
.252 
.25 

2davsi 

About  2.5  days  1 

Bel^j^;  oats. 

311 

312 

40  minutes 

4.5houn 

Maltese:  oats. 

78 

16  minutes 

Survived 

Yellow  'and  white;  oats. 

75 
74 
817 

do 

do 

1  hour  25  minutes 

1  hour  15  mhiutes 

do 

do 

About2hours 

Gray  and  white. 

Belffiftn;  oats. 
Wmte;  oats. 

838 

Survived 

1  Not  due  to  caffeln. 


INTRAMX7SCniiAR  INJECTION. 


Well-fed  rabbits,  which  received  a  diet  exclusively  of  oats,  were  used  for  these 
exi>eriment8.    The  injections  were  made  into  the  lumbar  or  into  the  gluteal  muscles. 

Series  A. 

In  this  series  the  cafPein  was  injected  into  the  gluteal  muscles. 

Rabbit  284'    Brown  and  white,  female.     Weight,  1,100  grams. 

December  14:  2  p.  m.,  11  cc  2  per  cent  caffein  injected  into  the  gluteal  muscles 
(0.2  gram  per  kilo),  under  observation  until  5  p.  m.,  had  frequent  convulsions;  at 
5  p.  m.  in  a  comatose  condition.    Babbit  was  found  dead  the  next  morning. 
Rabbit  t86,  white  and  black,  female.     Weight,  1,S15  gram^, 

December  15:  2.30  p.  m.,  13  cc  2  i>er  cent  caffein  injected  into  the  gluteal  muscles 
(0.1977  gram  i>er  kilo),  tremors  and  incr^tsed  ibexes  observed  during  the  next  two 
hours,  but  no  other  symptoms. 

December  17:  Rabbit  alive. 

18594^— Bun.  148—12 ^ 


Digitized  by 


Google 


J 


34  THE  TOXICITY  OF  CAFFBIK. 

Rabbit  £85,  yellow  and  white,  femdU.     WeigJU,  1,385  grams. 

December  14:  10.15  a.  m.,  14  cc  2  per  cent  ca£fein  injected  into  the  gluteal  muscke 
(0.2  gram  per  kilo),  general  tremors,  out  no  convulsions  obeerved.    Rabbit  eurvivei 

December  17:  Babbit  still  alive. 
Rabbit  £87,    Belgian  hare,  female.     Weight,  1,140  gpraina. 

December  15 :  2.15  p.  m.,  11  cc  of  2  per  cent  caffein  injected  into  the  gluteal  miuclee; 
2.30  p.  m.,  tonic  contractions  of  posterior  limbs.    Paralysis  and  death  at  2.40  p.  m. 

Sbribs  B. 

In  series  B  the  caffein  was  injected  into  the  lumbar  muscles. 

Rabbit  S07,    Belgian  hare,  female.     Weight,  1,175  grarm. 

February  16:  11.05  a.  m.,  8  cc  2  per  cent  caffein  injected  (0.136  gram  per  kilo)  into 
the  lumbar  muscles;  under  observation  until  4  p.  m.,  no  symptoms;  4  p.  m.,  allowed 
to  walk  on  the  floor;  after  walking  a  short  distance  loss  of  coordination  and  paralysis 
of  posterior  extremities;  6.20  p.  m.,  found  dead. 
Rabbit  SOS,    Belgian  hare,  female.     Weight,  1 ,860  grcms. 

February  16:  11  a.  m.,  12.5  cc  2  per  cent  caffein  injected  into  the  lumbar  musclee; 
12  noon,  no  symptoms;  2  p.  m.,  walked  about  10  feet,  exhaustion  and  paralyBis; 

3  p.  m.  found  dead. 

Rabbit  181.    Belgian  hare.     Weight,    l,tSO  grams.    (Was   experimented   on  some 

time  previously.) 

February  16:  10.55  a.  m.,  8  cc  2  per  cent  caffein  injected  into  the  lumbar  muscles; 

(0.130  gram  per  kilo);  12  noon,  no  svmptoms;  2  p.  m.,  no  symptoms;  3  j).  m.,  put  on 

the  floor,  walked  about  10  ieet  ana  was  exhausted,  posterior  extremities  paralyzed; 

4  p.  m.,  found  dead. 

Series  C. 

In  the  fall  of  the  same  year  additional  experiments  were  carried  out  with  doses 
ranging  from  100  to  200  milligrams  of  caffein  per  kilo,  which  were  injected  into  the 
lumbar  musclee.    The  results  are  given  in  the  following  abbreviated  protocols: 

Rabbit  425.    Belgian  hare.     Weight  l,5i0  grams. 

September  27:  10.30  a.  m.,  7.5  cc  2  per  cent  caffein  injected  into  the  lumbar  mus- 
cles; 2  p.  m.,  reflexes  increased. 

September  28:  Rabbit  normal. 

October  5:  Weight,  1,620  grams;  2.50  p.  m..  10  cq  2  per  cent  caffein  injected  into 
lumbar  muscles:  3.05  p.  m.,  reflexes  increasea. 

October  13:  Weight,  1,520  grams;  10.30  a.  m.,  10  cc  2  per  cent  caffein  (131  mg  per 
kilo)  injected;  11  a.  m.,  no  symptoms;  11.30  a.  m.,  reflexes  much  incr^tsed. 

October  14:  Alive,  no  symptoms. 
Rabbit  426.    Belgian  hare,  female.     Weight,  1,425  grams. 

September  27 :  7  cc  2  per  cent  caffein  injected  into  the  lumbar  muscles  at  10.30  a.  m.; 
2  p.  m.,  reflexes  increased. 

September  28:  Rabbit  normal. 

October  5:  Weight,  1,425  crams;  2.55  p.  m.,  9  cc  2  per  cent  caffein  injected  into  lum- 
bar muscles;  3.05  p.  m.,  reflexes  increased. 

October  13:  Weight,  1,405  grams;  10.30  a.  m.,  10  cc  2  per  cent  caffein  (142  mg  per 
kilo)  injected;  11  a.  m..  no  symptoms;  11.30  a.  m.,  reflexes  increased. 

October  14:  Rabbit  alive,  no  symptoms. 
Rabbit  427, '  Belgian  hare,  female.     Weipht,  1,780  arams. 

September  27:  9  cc  2  per  cent  caffein  injected  into  the  lumbar  musclee;  2  p.  m., 
reflexes  increased. 

September  28:  Rabbit  normal. 

October  5:  Weight,  1,  850  grains;  3  p.  m.,  11.5  cc  2  per  cent  caffein  injected  into 
lumbar  muscles;  3.10  p.  m.,  reflexes  increased. 

October  13:  Weight,  1,830  grams;  10.40  a.  m.,  14  cc  2  per  cent  caffein  (153  mg  per 
kilo)  injected  into  lumbar  muscles;  11  a.  m.,  no  sjrmptoms;  11.30  a.  m.,  reflexes 
increased. 

October  14:  Rabbit  alive,  no  sjrmptoms. 
Rabbit  45S.    Belgian  hare,  male.     Weight,  1,160  grams. 

October  12:  3.45  p.  m.,  11.5  cc  2  per  cent  caffein  in  aqueous  solution  injected  into 
lumbar  muscles;  4.15  p.  m.,  reflexes  increased;  4.30  p.  m.,  paralyzed. 
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October  13:  9  a.  m.,  found  dead.    AtUopsy:  Crastric  mucosa  hemorrhagic;  Uver 
darkened;  other  organs  normal. 
Rabbit  4S5.    Belgian  hare,  gray,  female.     Weight.  1,185  groTna. 

October  12:  3.30  p.  m.,  11.5  cc  2  per  cent  caftein  injected  into  the  lumbar  muscles; 
4  p.  m.,  reflexes  increased. 

October  13:  Rabbit  weighed  1,070  grams^  no  symptom  of  cafiFein  poisoning,  reflexes 
normal;  10.30  a.  m.,  10  cc  2  per  cent  caffein  injected  into  the  lumbar  muscles;  11.30 
a.  m.,  jumped  off  the  table,  nad  attack  of  convulsions  and  died.    Autopsy:  Findings 
same  as  in  No.  453. 
Rabbit  4t8,    Belgian  hare,  gray,  male.     Weight,  1,650  grams. 

October  5:  4  p.  m.,  14.8  cc  2  per  cent  caffein  (0.18  gram  per  kilo)  injected  into  the 
lumbar  muscles. 

October  6:  Found  dead. 
Rabbit  4S9.    Belgian  hare,  male.     Weight,  1,340  grams. 

October  5:  4  p.  m.,  13.5  cc  2  per  cent  caffein  (0.2  gram  per  kilo)  injected  into  lum- 
bar muscles. 

October  8:  Babbit  foimd  dead. 

Sbbibs  D. 

Further  experiments  making  injections  into  both  the  lumbar  and  the  gluteal  muscles, 
were  made  in  this  series. 

Rabbit  677.    Gray  male.     Weight,  1,380  grams. 

February  14:  3  p.  m.  14  cc  2  per  cent  caffein  injected  into  the  gluteal  muscles  of 
the  right  side;  3.10  p.  m.,  restless,  jumped  o£(  the  table  and  walked  about,  reflexes 
increased;  3.45  p.  m.,  passed  30  cc  clear,  straw-colored  urine;  4.45  p.  m.,  allowed  to 
walk  about,  ran  across  the  room,  about  20  feet,  looked  tired,  stretched  himself  out  on 
the  floor,  then  raised  himself  and  walked  about  showing  no  disturbance  of  gait. 

February  15:  9  a.  m.,  found  dead. 
Rabbit  678,    Gray,  female.     Weight,  1,670  grams. 

February  14:  3.05  p.  m.,  18  cc  2  per  cent  caffein  solution  Injected  into  the  gluteal 
muscles  of  the  right  side;  3.15  reflexes  increased,  but  not  restless;  5  p.  m.,  allowed  to 
walk  about,  no  symptoms  observed. 

February  15:  Foimd  dead. 
Rabbit  679.     White  and  gray,  male.     Weight,  1,490  grams. 

Februanr  14:  3.15  p.  m.,  15  cc  2  per  cent  caffein  solution  injected  into  the  gluteal 
muscles  of  the  ri^ht  side,  put  in  cage;  3.30  p.  m.,  reflexes  increased;  5  p.  m.,  taken 
out  of  cage  and  sdlowed  to  walk  across  the  room,  no  special  symptoms  noticed. 

February  23:  Still  alive. 
Rabbit  680.    Gray  male.     Weight,  1,510  grams. 

February  14:  3.35  p.  m.,  15  cc  2  per  cent  caffein  solution  injected  into  lumbar 
muscles. 

February  23:  Still  alive,  in  good  condition. 
Rabbit  681.    Gray  female.     Weight,  1,680  grams. 

February  14:  3.45  p.  m.,  17  cc  2  per  cent  caffein  solution  injected  into  the  lumbar 
muscles  of  the  right  side;  4  p.  m.,  reflexes  increased;  4.15  p.  m.,  jumped  off  the  table 
and  had  wild  convulsions,  Decame  very  restless,  walked  about  the  laboratory;  4.25 
p.  m.,  had  convulsions  occasionally;  4.30  p.  m.,  extremities  extended  and  quite  rigid; 
4.35  p.  m.,  convulsions  and  death. 
Rabbit  682.    Gray  male.     Weight,  1,870  grams. 

Februanr  14:  4.15  p.  m.,  18  cc  2  per  cent  caffein  solution  injected  into  the  lumbar 
muscles  of  right  side;  5  p.  m.,  reflexes  increased;  walked  about  in  the  room,  then 
rested;  5.15  p.  m..  had  short  spasm  when  handled. 

February  23:  Alive;  good  condition. 

The  data  presented  in  these  experiments  show  that  the  toxicity  of  caffein  when 
injected  into  the  muscles  of  the  lumbar  regions  is  the  same  as  when  injected  into  the 
gluteal  muscles.  The  rabbits  of  series  A  received  approximately  0.2  gram  caffein  per 
kilo  and  two  died  as  a  result  of  this  treatment.  The  other  two  survived  but  symptoms 
of  caffein  Intoxication  were  observed. 

In  series  B  smaller  doses  proved  fatal,  from  which  it  would  appear  that  caffein  is 
more  toxic  when  injected  into  the  lumbar  muscles.  Further  observations,  however, 
^ed  to  coCToborate  the  results  obtained  in  this  series.    Thus,  in  series  C,  130  to  150 
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mg  of  caffein  per  kilo  injected  into  the  lumbar  muflclee  produced  mild  symptoms  only. 
Experiments  with  laiger  doses  showed  that  0.180  gram  caffein  per  kilo  may  cwam 
death.  It  will  be  noticed,  on  the  other  hand,  that  rabbit  No.  455  survived  a  doae  ol 
0.2  gram  per  kilo.  New  experiments  were  therefcn^  carried  out  in  which  the  same 
amoimts  of  caffein  in  proportion  to  the  weight  of  the  animals  were  injected  into  the 
lumbar  muscles  as  into  the  gluteal  muscles.  As  shown  in  the  experiments  of  series  D, 
one  rabbit  (No.  581)  died  shortly  after  caffein  was  injected  into  the  lumbar  miiades; 
two  recovered.  Two  of  the  three  which  received  injections  into  the  gluteal  musdes 
were  found  dead  the  next  day;  one  recovered.  Poet-nunrtem  examination  failed  to 
indicate  the  presence  of  any  abnormalities.  The  rate  of  absorption  of  caffein  from 
the  gluteal  and  from  the  lumbar  muscles  seems  to  be,  therefore,  the  same,  or  not  to 
differ  very  much.  The  observations  of  Auer  and  Meltzer^  are  of  interest  in  this  oon- 
nection.  According  to  their  investigations  adrenalin  is  more  rapidly  absorbed  from 
the  lumbar  than  from  the  gluteal  muscles.  This  is  in  all  probability  due  to  the  greater 
delicacy  of  the  test  they  employed  (since  they  judged  the  rate  of  absorption  by  the 
effect  of  adrenalin  on  blood  pressure)  as  welLas  to  the  much  greater  activity  of  the 
substance. 

Table  4. — Intramuscular  injeetumB. 

SERIES  A. 


No. 

Weight. 

Cbffein 

Symptoms 
aftar— 

DnratlonofUfe. 

Site  of  in- 
jection. 

Remarks. 

284 

386 
286 
?87 

Gnm$. 
1,100 
1,315 
1,385 
1,140 

Gram, 

0.200 

.1977 

.300 

.«10 

3  hours 

3hours 

Present 

15minates.... 

Less  than  20  honrs. . . 

Survived 

do 

25  minutes 

Olateal... 

...do 

...do 

...do 

White  and  brown  female. 
White  and  black  female. 

Gray  female. 

SERIES  B. 


307 
306 

1,176 
1,860 
1230 

0.136 
.134 
.130 

6  hours. 

3  hours 

4  hours 

...  6 hons, 30 minutes... 
...  4hour8.... 

Lumbar... 
...do 

Oiayfemale. 

181 

...  5 hours 

...do 

Gray. 

SERIES  C. 


425 

1,520 
1405 
1,830 
1,160 
1,185 
1,660 
1,340 

0.131 
.142 
.153 
.200 
.200 
.180 
.200 

Ihour 

30  minutes 

50  minutes — 

30  minutes 

do 

Survived 

Lumbar... 

...do 

...do 

...do 

...do 

...do 

...do 

Gray. 
G^femalA.     . 

Gray  male. 
Gray  female. 
Gnurmale. 

436 
437 
453 
466 

428 

do 

do 

Leas  than  30 hours... 

Survived 

Less  than  30  hours... 
do 

439 

SERIES  D. 


677 

1,380 

0.300 

578 

1,670 

.210 

579 

1,490 

.200 

580 

1,510 

.200 

581 

1,680 

.200 

683 

1,870 

.192 

10  minutes. 

....do 

15  minutes. 


15  minutes. 
45  minutes. 


Less  than  18  hours. 

do 

Survived 

do 

50  minutes 

Survived 


Gluteal.... 

..do 

..do 

Lumbar... 

..do 

..do 


Giaymale. 

White  and  gray  male. 
Graymale. 

Da 


Examination  ot  Table  4  shows  that  14  rabbits  received  from  180  to  210  mg  caffein 
per  kilo.  The  appearance  of  symptoms  in  these  rabbits  varied  considerably.  In 
some  increased  reflexes  could  be  noticed  in  10  to  15  minutes  after  the  injectbn  of 
caffein;  in  others  it  was  delayed  2  or  3  hours.  It  might  be  added  that  the  onset  of 
sjrmptoms  occurred  in  many  cases  very  soon  after  the  administration  of  tiiie  drug— 
on  an  average  about  10  to  30  minutes  after  the  drug  was  injected.    After  smaOflr 
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doeee  were  administered  by  injection  into  the  lumbar  muBcles  the  appearance  of 
symptoms  was  delayed  several  hours  in  some  cases.  The  duration  of  life  in  these  14 
rabbits  varied  considerably.  Eight  of  them  died  within  1  to  20  hours;  six  survived. 
About  0.2  gram  caffein  per  kilo  may  be  regarded  as  the  minimum  fatal  dose,  while 
the  miTiimum  toxic  dose  is  somewhere  between  130  and  150  mg  per  kilo. 

nrrRATBNorrs  injection. 

These  experiments  were  carried  out  on  well-fed,  full-grown  gray  rabbits.  The  diet 
for  several  days  preceding  the  experiments  consisted  of  oats  or  carrots,  which  were  given 
ad  libitum.  The  injections  were  made  into  the  ear  veins  from  a  burette  or  by  means 
of  a  syringe,  the  temperature  of  the  caffein  solution  being  about  40^  C.  Attention 
was  also  directed  to  the  effect  (A  the  rate  of  injection  and  of  the  concentration  on  the 
toxicity.  The  minimum  toxic  as  well  as  lethal  doses  were  determined  as  shown  in 
the  following  experiments. 

Sbbies  a. 

In  these  experiments  the  rate  of  injection  was  about  1  cc  of  2  per  cent  cafiein  solution 
per  minute. 
Rabbit  194.    WhiU,  female.     Weight,  1,310  anmu. 

October  19:  Injected  7.5  cc  2  per  cent  solution  caffein  (115  mg  per  kilo)  into  the  ear 
vein.    Rabbit  showed  stiffness;  paralysis  of  extremities  appeared  soon  after. ^    Rabbit 
survived. 
Rabbit  556.    Oray,  female.    Weight,  1,635  grams. 

January  31:  2  p.  m.,  11  cc  2  per  cent  canein  (134  mg  per  kilo)  injected  into  ear  vein, 
in  about  11  minutesj  2.10  p.  m.,  convulsions,  rabbit  remained  lying  on  its  side;  during 
the  rest  of  the  hour  it  had  convulsions  occasionally^  3.20  p.  m.,  convulsions  and  died. 
Rabbit  did  not  urinate  after  the  injection  of  cafifem. 
Rabbit  557.    Orav,  female.     Weight,  1,580  grams. 

January  31:  2.30  to  2.37  p.  m.,  7  cc  2  ner  cent  caffein  injected  from  the  burette  at 
the  rate  of  1  ccper  minute;  2.37  p.  m..  flow  of  liquid  ceased,  veins  were  engorged  and 
bled  freely,  injection  was  continued  by  means  of  a  syringe;  2  cc  2  per  cent  caffein 
injected  in  two  minutes:  injections  discontinued  as  convulsions  appeared;  2.50  p.  m.. 
rabbit  raised  itself  but  fell  over;  3.10  p.  m.^  rabbit  assumed  normal  attitude,  "vrnkea 
about  the  floor  without  manifesting  any  signs  of  the  effects  of  caffein;  4.30  p.  m., 
walked  about,  gait  normal,  condition  seemed  to  be  good. 

February  1:  2  p.  m.,  condition  good,  appetite  good,  to^  amount  of  caffein  injected, 
9  cc  2  per  cent  solution,  or  114  mg  per  kilo. 
Rabbit  558.    Gray,  female.     Weight,  1,590  grams. 

January  31:  3  p.  m.,  given  8  cc  2  per  cent  caffein  in  eight  minutes;  3.10  p.  m., 
violent  convulsions;  3.20  p.  m.,  rabbit  was  stretched  out  on  his  abdomen,  extremities 
extended,  urinated;  4.30  p.  m.,  looked  normal;  was  able  to  walk  about. 

February  1:  2  p.  m.,  condition  good,  appetite  good. 
Rabbit  t9t.    Belgian  hare,  male.     Weight,  1 ,770  gram>s. 

February  18:  4.26  to  4.39  p.  m.,  12.5  cc  warm  caffein  solution  (0.141  gram  per  kilo) 
injected  into  ear  vein,  convulsion  followed  wiien  this  quantity  was  injected,  tonic 
rigidity  of  limbs  followed  soon  after;  4.52  p.  m.,  condition  unchanged,  raobit  on  floor, 
limbs  stretched  out,  and  lying  on  abdomen. 

Rabbit  t94.    Belgian  hare/female.    Weight,  1,350  grams.    Carrot  diet  for  about  10  days 
before  the  experiment. 

February  19:  12.20  p.  m..  5  cc  2  per  cent  caffein  (74  mg  per  kilo)  injected  into 
ear  vein  in  ^ve  minutes,  edema  of  the  ear,  other  ear  used.  3.5  cc  injected  in  10  min- 
utes, repeated  convulsions;  1-25  p.  m.,  rabbit  still  alive,  firequent  attacks  of  convul- 
abns;  2.30  p.  m.,  found  dead.  Total  amount  injected  in  15  minutes,  8.5  cc,  or  0.126 
giam  per  kuo. 

It  will  be  observed  in  the  preceding  experiments  that  symptoms  of  severe  intoxi- 
cation were  present  in  all  of  the  six  rabbits,  but  only  two  of  these  (Nos.  294  and  556) 
died  from  the  effects  of  caffein.    Of  those  which  survived,  three  received  doses  ol 

^Tiine  of  Injectlim  inadrarteittly  omitted,  but  was  pcobably  not  ilower  thui  la  tlM  oth«r  oaaesof  this 
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100  to  114  mg  caffein  per  kilo,  and  another  (No.  292)  received  141  mg  of  caSein  per 
kilo.  The  death  of  labbitB  Noe.  294  and  556  may  be  regarded  therefore  as  a  case  of 
exceptionally  low  resifltance  to  caffein. 

Series  B. 

Doses  of  160  to  200  mg  caffein  per  kilo  were  employed  in  these  experiments.    The 
rate  of  injection  was  1  cc  per  minute,  with  the  exception  of  Experiment  254,  in 
which  10.8  cc  2  per  cent  caffein  were  introduced  in  17  minutes  and  25  seconds. 
Rabbit  66i.    Oray  female.     Weighty  1,650  grams.    Diet,  oats. 

February  1:  Injection  began  at  3  p.  m.,  injected  10  cc  in  12  minutes;  3.01  p.  m. 
to  3.09  p.  m.,  3  cc  injected,  convulsions;  3.09  p.  m.  to  3.14  p.  m.,  3  cc  injected,  fol- 
lowed bjr  violent  convulsions,  marked  opisthotonos;  4.30  p.  m.,  rabbit  died;  total 
quantity  injected,  16  cc. 
Babbit  661.    Oray  female.    Weighty  1,450  grams.    Diet^  oats. 

February  1:  Injection  began  at  11.40  a.  m.;  11.48,  rabbit  struggled,  7  cc  2  per  cent 
caffein  injected;  11.50,  convulsions,  10  cc  2  ^  cent  caffein  total  amount  injected; 
11.55  a.  m.,  injections  stopped;  injections  resumed  11.58,  violent  convulsions,  injec- 
tions discontinued,  total  quantity  received,  14.5  cc  2  per  cent  caffein  solution;  1.30 
p.  m.,  found  dead,  did  not  urinate,  25  cc  urine  found  in  the  bladder. 
Babbit  560.    Oray  male.    Weight,  1,6£0  grams.    Diet,  oats. 

February  1:  Injection  b^an  11  a.  m.;  11.10  a.  m.,  7  cc  2  per  cent  caffein  injected, 
rabbit  stniggled;  1  cc  was  mjected  during  the  next  three  minutes,  rabbit  stniggled 
but  there  were  no  convulsions,  injection  stopped;  resumed  at  11.15  a.  m.  and 
continued  10  minutes,  8  cc  2  per  cent  caffein  intztxluced  during  this  time;  total 
amoimt  caffein  injected,  16  cc;  reflexes  markedly  increased;  12  noon,  tetanic  con- 
vulsions off  and  on  imtil  2  p.  m.,  then  remained  stretched  out  on  abdomen,  extri^iii- 
ties  extended. 

February  2:  9  a.  m.,  foimd  dead. 
Babbit  559.    Oray  female.    Weight,  1,875  grams.    Diet.  oats. 

January  31:  4  p.  m.,  convulsions  after  injection  of  9  cc  2  pear  cent  caffein  in  14 
minutes;  4.08  p.  m.,  convulsions  after  injection  of  7  cc  caffein  in  8  minues;  4.10  to 
4.12  p.  m.,  injected  2  cc  more,  rabbit  lying  stretched  out  on  abdomen,  extrefnitiee 
extended;  total  amount  of  caffein  injected,  18  cc  (190  mg  per  kilo). 

February  1:  2  p.  m.,  condition  good,  walked  about,  appetite  good,  passed  155  oc 
dark,  red(Ush-brown  urine  since  6.30  p.  m.  previous  day. 
Babbit  £79.    Oray  and  white  female.     Weight,  l,Si0  gram^. 

February  24:  10.09  a.  m.,  6  cc  2  per  cent  caffein  passed  rapidly  into  jugular  vein; 
10.15  a.  m.,  involuntary  twitching  of  muscles  of  legs,  but  no  other  sjrmptoms;  10.23 
to  10.26,  3  cc  of  2  per  cent  caffein  injected;  10.27  to  10.28,  2  cc  2  per  cent  ca£Fein 
injected,  convulsions;  10.29,  convulsions  stopped;  10.32,  convulsions;  11  a.  m.,  rab- 
bit lyin^  on  its  side,  anterior  extremities  paraTyzed,  posterior  extremities  contracted, 
no  clonic  convulsions,  breathed  deeper  and  more  slo^y  than  normal:  11.10  a.  m., 
rabbit  died,  had  no  convulsions  immediately  before  death;  amount  of  caffein  injected, 
11  cc  2  per  cent  solution,  or  0.166  gram  per  kilo. 
Babbit  t54»    Belgian  Jutre,  female.     Weighty  1,285  grams.    Diet,  oats. 

November  12:  1.30^  to  1.47}  p.  m.,  received  10.8  cc  2  per  cent  caffein  from  burette 
into  ear  vein,  after  injection  of  6.2  cc  dyspnoea,  6.7  cc  struggling,  convulsiimfi;  at 
1.50}  p.  m.,  released  from  holder,  paralysis  especially  marked  in  the  anterior  extirenii- 
ties;  1.50  p.  m.,  recovered,  survived;  total  amount  injected^  10.8  cc  2  per  cent 
caffein  in  17  minutes  and  25  seconds,  or  0.16  gram  caffein  per  kilo. 
Babbit  t55.    Belgian  hare,  male.    Weight,  1,105  arams.    Diet,  oats. 

November  12:  2.31}  to  2.35}  p.  m.,  received  3.7  cc;  from  2.37J  to  2.461  p.  m.,  6  cc 
injected;  after  injection  of  6.1  cc  convulsions  followed  by  dyspnoea,  men  c(»itin- 
uous  struggling;  when  8.3  cc  were  injected  rabbit  had  another  convulsion;  2.47  p.  m.. 
tonic  contraction  of  anterior  extremities;  amount  injected,  8.7  cc  (158  mg  per  kilo) 
in  15  minutes  and  35  seconds. 
Babbit  567.    Oray  female.    Diet,  oats. 

February  6:  Injection  began  at  4.11  p.  m.;  4.18,  convulsions  after  injection  of 
5  cc  2  per  cent  caffein;  4.21,  convulsion  met  total  injection  of  8  cc;  4.24  p.  m.,  injec- 
tion resumed  and  2  cc  more  introduced;  4.28  p.  m.,  convulsions,  injected  2  cc  more; 
total  caffein  injected,  12  cc,  or  162  mg  per  kilo;  4.40  p.  m.,  labbit  jwnlyzed  in  pos- 
terior extremities;  5  p.  m.,  found  dead. 
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In  the  eight  experiments  comprising  series  B  rabbits  Nos.  567,  254,  279,  and  255, 
which  may  be  designated  as  Group  II,  received  doses  of  162,  160,  166,  and  158  mg, 
respectively.  Nos.  562,  561,  ,560,  and  559,  which  may  be  designated  as  Group  I, 
received  about  200  mg  caffein  per  kilo.  In  Group  II,  which  received  the  smaller 
doses,  one  (No.  254)  survived.  This  may  be  regarded  as  exceptional,  since,  as  was 
shown  in  the  experiments  of  the  preceding  series,  even  smaller  doses  may  be  faXal. 
About  160  mg  per  kilo  is,  therefore,  the  smallest  surely  fatal  dose.  This  might  be 
r^^arded  as  a  contradiction  of  the  results  obtained  for  rabbit  No.  559,  but  it  will  be 
noticed  that  in  this  case  diu^resis  was  very  marked.  The  results  of  experiments 
Nos.  294  and  255  are  of  interest  in  this  connection,  since  they  indicate  that  a  moderate 
difference  in  the  rate  of  injection  is  without  any  effect  on  the  toxicity  of  caffein. 
The  greater  resistance  to  caffein  of  rabbit  No.  559  is  in  all  probability  due,  therefore, 
to  increased  diuresis. 

Series  C. 

In  these  experiments  the  minimum  toxic  dose  was  determined.  The  conditions 
were  the  same  as  in  the  experiments  of  the  other  series. 

Rabbit  293.    Belgian  hare^  female.     Weighty  1,610  grams.    Diet,  oats. 

February  18:  3.40  to  3.43  p.  m.,  4  x;c  2  per  cent  warm  caffein  solution  injected  into 
ear  vein,  convulsions  when  3  cc  were  injected,  repeated  attacks;  4  p.  m.,  raised  itself 
on  1^,  but  fell  over  immediate^  and  lay  stretched  on  abdomen. 

February  19:  9  a.  m.,  rabbit  looked  normal,  apparently  recovered. 
Rabbit  227.    WkiU  male.     Weight,  2,320  grams. 

October  26:  3.29J  to  3.37J  p.  m.,  injected  into  ear  from  burette  6.7  cc  2  per  cent 
caffein,  no  symptoms;  expermient  discontinued;  survived. 
Rabbit  563.    Gray  female.     Weight,  1,650  grams.    Diet,  oats. 

February  6:  Injection  began  at  1.02  p.  m.,  injected  3.5  cc  2  per  cent  caffein  (42  ms 
per  kilo)  in  four  minutes,  0.6  cc  more  within  the  next  two  and  one-half  minutes,  total 
amount  injected  4.1  cc;  1.10  p.  m.,  hypersensitive,  some  disturbance  of  muscular 
coordination;  restlessness;  1.35.  p  m.,  renexes  decreased,  urinated  and  walked  about, 
gait  normal.  Under  observation  for  several  days;  no  symptoms  noted. 
Rabbit  564.    Gray  female.     Weight,  1,515  grams. 

February  6:  Injection  began  at  1.26  p.  m.,  3.5  cc  2  per  cent  caffein  (46  mg  per  kilo) 
injected  at  the  rate  of  1  cc  per  minutej  1.30  p.  m.,  reflexes  increased;  1.34  p.  m., 
marked  paresis  of  the  extremities,  rabbit  stretched  out  on  abdomen,  legs  abducted 
and  partly  extended,  able  to  hop  about  but  gait  disturbed,  no  untoward  symptoms 
noticed,  imder  observation  for  several  days  after  experiment. 
Rabbit  565.    Gray  female.     Weight,  1,545  grams.    Diet,  oats. 

February  6:  Started  to  inject  at  3.40  p.  m.,  received  2.5  cc  2  per  cent  caffein  intra- 
venously in  two  minutes  or  32  mg  per  kilo,  imder  observation  all  afternoon,  no 
symptoms. 

Rabbit  566.    Gray  female.     WeigJU,  1,900  grams.    Diet  oats. 

February  6:  Injection  began  at  3.05  p.  m.,  received  3  cc  2  per  cent  caffein  intra- 
venously in  three  minutes  or  31  mg  per  kilo,  no  symptoms  observed. 

These  experiments  show  that  a  dose  of  about  50  mg  per  kilo  when  injected  intra- 
venously produces  mild  symptoms,  such  as  increased  reflexes.  In  the  four  experi- 
ments with  this  amount  of  caffein  these  effects  were  observed  in  each  case.  In  the 
experiments  in  which  smaller  quantities,  30  mg  per  kilo,  were  given  intravenously 
there  was  no  manifestation  of  symptoms.  A  dose  not  over  50  mg  per  kilo  may,  there- 
fore, be  regarded  as  the  minimum  toxic  dose  when  injected  intravenously  under  the 
conditions  stated. 

Sbbibs  D. 

A  0.5  per  cent  caffein  solution  was  used  in  these  experiments  in  order  to  test  the 
effect  of  concentration  on  its  toxicity;  the  rate  of  injection  was  1  cc  per  minute. 
Rabbit  569.    Gray  male.     Weight,  1,475  grams.    Diet,  oats. 

February  6:  11.50  a.  m.  to  12.01  p.  m.,  injected  10  cc  0.5  per  cent  caffein;  12.03 
to  12.12  p.  m.f  injected  10  cc  of  0.5  per  cent  caffein;  12.13  to  12.26  p.  m.,  injected 
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10  cc  of  0.5  per  cent  cafiFem,  total  amount  injected,  30  cc:  12.20,  paased  35  ccof  urine; 
12.30,  increwd  reflexes,  but  no  convulsions;  4  p.  m.,  reflexes  increased. 

February  11:  Alive,  condition  good. 
Rabbit  S74.    Gray  female.     Weight,  1,555  grams.    Diet,  oats. 

February  8:  10.25  to  10.33  a.  m..  injected  4  cc  of  0.5  per  cent  caffein  in  salt  solution, 
injection  discontinued  for  five  minutes;  10.38  to  11.10,  injected  30  cc,  total  amount 
of  caffein  solution  received,  34  cc;  11.55  a.  m.,  very  sensitive;  reflexes  markedly 
increased. 

I    February  9:  Alive,  condition  good. 
Rabbit  571,    Gray  female.     Weight,  1,5S0  grams.    Diet,- oats, 

February  7:  Injection  3.18  to  3.50  p.  m.,  received  30  cc  in  32  minutes,  not  hyper- 
sensitive; 3.55,  restlessness  and  weakness  of  extremities;  4.10  p.  m.,  control  of  ante- 
rior extremities  impaired,  distinctly  paretic  but  tried  to  walk  about,  died  the  same 
aftemocm. 
Rabbit  568.    Gray  male.    Weight,  1,605  grams.    Diet,  oats. 

February  7:  Injection  10.53  to  11.01  a.  m.,  injected  10  cc  0.5  per  cent  caffein;  11.03, 
injection  resumed  after  two  minutes  interval;  11.14,  received  10  cc  0.5  per  cent 
caJlein  intravenously  in  11  minutes;  11.16,  injection  resumed;  11.35,  received  12  cc 
0.5  per  cent  caffein,  total  amoimt  of  caffein  solution  received.  32  cc;  12^  p.  m., 
urinated  14  cc  of  bloody  urine;  12.55  p.  m.,  convulsions  and  death  a  few  minutes  later. 
Autopsy  showed  congestion  of  visc««,  but  no  other  lesions. 
Rabbit  570,    Gray  female.     Weight,  1,££5  grams.    DiH,  oats. 

February  7 :  2.06  to  2.35  p.  m.,  injected  24.5  cc  0.5  per  cent  caffein,  r^exes  increased 
but  no  conviilsions,  paresis  especially  marked  in  me  author  extremities;  3  p.  m., 
passed  urine  which  was  normal  in  appearance,  r^exes  not  increased  but  tibbit  was 
weak. 

February  9:  Found  dead.  Autopsy:  liver,  spleen,  and  kidneys  congested;  large 
intestines  nemorrhagic;  omentum  counted  and  showed  the  presence  of  small  caseoos 
nodules;  liver  showed  adhesion  to  diaphragm;  viscera  presented  the  appearance  of 
intraabdominal  infection. 

1  Of  the  five  rabbits  of  this  series  three  died  as  a  result  of  the  administration  dt  caffein. 
The  other  two  which  survived  showed  mild  symptoms  only,  sudi  as  increased  reflexes, 
but  no  evidence  of  severe  poisoning  such  as  was  observed  after  the  injection  of  tiiie 
same  doses  of  caffein  in  series  A  when  a  2  per  cent  solution  of  caffein  was  injected. 
Convulsions  were  noticed  in  one  case  only  (No.  568);  paresis  in  two  cases  (Nos.  570 
and  571).  The  nervous  symptoms  even  in  this  group,  therefore,  were  much  milder 
than  in  series  A.  The  p^x^ntage  oi  death,  however,  was  greater  than  in  series  A,  in 
which  the  concentration  of  caffein  was  four  times  as  great.  It  is  quite  probable  tliat 
the  strain  on  the  heart  due  to  the  sudden  increase  in  volume  of  the  blood  and  its  dila- 
tion might  be  an  important  factor  in  increasing  the  toxicity  of  caffein.  It  is  conceiv- 
able that  doses  just  sufficiently  large  to  depress  the  normal  heart  may  cause  pazalysis 
of  an  already  overstrained  oigan. 

Sbribs  £. 

In  the  two  experiments  of  this  series  the  rate  of  injection  as  a  possible  &ctor  influ- 
encing the  toxicity  of  caffein  was  tested.  A  2  per  cent  caffein  solution  was  injected 
at  the  rate  of  1  cc  in  two  and  one-half  to  three  minutes. 

Rabbit  57t.    Gray  male.    Weight,  1,770  grams.    Diet,  oats. 

February  8:  Injection  began  at  3  p.  m.,  discontinued  at  3.37  p.  m.,  and  resumed  at 
3.38  p.  m. ;  rabbit  was  restless;  injection  finished  at  3.52  p.  m.  Total  quantity  received, 
17.4  cc  2  per  cent  caffein  inlsravenously  in  52  minutes;  struggled  intermittently  during 
the  injection;  anterior  legs  paialysed. 

February  9:  Foimd  dead. 
Rabbit  573.    Gray  male.    Weight,  1,810  grams.    Diet,  oats. 

February  8:  Started  to  inject  at  1.35  and  discontinued  at  2.27  p.  m.;  received  18  cc 

2  per  cent  caffein  intravenously  in  52  minutes;  reflexes  marloddly  increased  soon 
after;  2.45,  passed  bloody  urine;  4.30  p.  m.  reflexes  increased;  no  otlier  symplOBis. 

February  %:  9  a.  m.,  found  dead. 

It  will  be  observed  that  eome  retardation  of  the  onset  of  symptoms  was  caused  by 
slower  injection,  but  the  final  result  was  the  same  as  when  Uie  injections  were  made 
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mcxre  rapidly.    It  is  quite  probable,  therefore,  that  a  much  slower  rate  of  injection 
may  lessen  consideiably  the  toxicity  of  caffein. 

From  the  results  of  the  experiments  by  intravenous  injection  summarized  in  the 
table,  it  appears  that  the  minimum  toxic  dose  for  rabbits  of  a  2  per  cent  caffein  solu- 
tion,  injected  at  the  rate  of  1  cc  per  minute,  is  about  50  mg  per  kilo.  Twice  the  dose 
induces  severe  symptoms  and  may  be  fatal;  160  mg  per  kilo  are  surely  fatal.  If  the 
rata  of  injecti<m  is  diminished,  the  toxicity  of  caffein  is  lessened,  but  this  effect  is 
not  marked  unless  the  Injections  are  very  slow.  Dilution  of  the  caffein  solution  sup- 
presses to  some  extent  the  nervous  symptoms,  but  the  toxicity,  on  the  contrary,  seems 
to  be  increaBed. 

Table  5. — Intravenous  injecHona. 

SERIES  A. 


No. 

Welgltt. 

Cafldn 

Symptoms. 

Duration  of  life. 

Diet. 

Remarjcs. 

1M 

Ofomt. 

1,310 
1,886 
1,580 
1^600 
1,770 
1,360 

134 
114 
100 
141 
126 

Present. . . 
lOminates 
Present. . . 

...do 

...do 

...do 

Sorvlved 

Oats 

...do 

White  female. 

yi5 

20  minutes 

Gnayfemaie. 

ftf>7 

Survived. 

...do 

666 

292 
1M 

do 

do 

10 minutp?  ,., 

...do 

...do 

Carrots.... 

Do. 
Do. 
Do. 

SERIES  B,  GROUP  L 

m? 

1,660 
1,460 
1.620 
1875 

200 
200 
200 
100 

1|  hours 

Oats 

...do 

Gray^male. 

Ml 

do 

660 

Present. . . 
...do 

Less  than  24  hours 

Survived. 

...do 

...do 

Do. 
Do. 

SERIES  B,  GROUP  II. 


279 
254 
667 
266 


1,320 
1,286 


166 
160 
162 
158 


Ihour 

Survived 

About  45  minutes. 
Died 


Oats. 


Gray  and  white  female. 
Grayfemale. 


SERIES  C. 


2IR 

1,610 
2,320 
1,660 
1,616 
1,546 
1,900 

600 
670 
600 
460 
320 
810 

Present... 
None. 

Survived 

Oats 

Gray  female. 
WhftA  male. 

7ft 

do 

663 
M4 

Present... 
...do 

do 

do 

...do 

Grayfemale. 

666 

None. 

do 

.do 

Do. 

866 

...do 

do 

...do 

Do. 

SERIES  D. 


669 
574 
6n 
568 
570 


1,475 
1,565 

1,530 
1,605 
1,225 


Survived 

.....do 

About  2  hours. 

20  minutes 

Less  than  20  honn. . 


Oats. 
...do. 
...do. 
...do. 
...do. 


Gray  male. 
Grayfemale. 

Gray  male. 


SERIES  E. 

67? 

1,770 
1,810 

200 
200 

Pieoent... 

About  24  hours 

Oats 

...do 

573 

do 
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SUMMABT. 

The  results  of  the  experiments  on  rabbits  show  considerable  variatian  in  the  tanaiBf 
of  the  single  dose.  Individuals  differed  so  widely  in  their  resistauice  to  this  dn; 
that  the  same  experiments  had  to  be  repeated  many  times  with  each  method  of  td- 
ministration  before  satisfaictory  conclusions  could  be  drawn.  This  is  striking 
illustrated  in  the  experiments  by  intravenous  injection  in  which  a  dose  of  nearijOJ 
gram  per  kilo  was  not  fatal.  Similar  instances  of  exceptional  resistance  or  of  aos- 
tiveness  to  caffein  were  observed  when  it  was  given  in  other  ways.  A  ccHnpanaa 
of  the  toxicity  of  caffein  administered  by  different  methods  in  this  investigttki 
shows  well-marked  differences  in  its  activity,  although  they  are  not  quite  so  strikait 
as  similar  experiments  with  other  alkaloids  reported  by  several  obeervers.  The  tox- 
icity of  caffein  In  these  experiments  on  the  rabbit  indicates  that  it  is  greatest  whm 
given  by  vein  and  least  when  given  by  mouth.  The  ratio  of  the  minimum  toxic 
doses  by  these  two  methods  of  introduction  of  caffein  was  about  7.1;  the  relatiaD  of 
the  minimum  fatal  dose  was  about  3.1.  The  toxicity  when  given  subcutaneously  ii 
about  15  to  20  per  C3nt  greater  than  when  given  by  mouth.  The  difference  bet««B 
the  intramuscular  and  subcutaneous  injection  is  even  mcue  marked.  The  toxicity 
of  caffein  when  injected  into  the  muscles  is  about  midway  between  that  admizuB- 
tered  by  the  subcutaneous  and  intraperitoneal  routes,  and  is  about  half  that  injected 
intravenously.  Meltzer  and  Auer,  **  who  experimented  with  a  number  of  dngi 
found  that  the  intramuscular  method  of  administration  is  as  effective  as  the  intravenoos, 
fluorescin  forming  the  only  exception  according  to  their  observations.  In  the  expen- 
ments  of  SoUman  and  Brown  **  with  ergot,  the  effect  was  quite  different  from  those 
obtained  by  Meltzer  and  Auer  *^  with  the  drugs  they  used.  It  is  quite  possible  tbt 
the  result  obtained  with  ergot  is  merely  illustrative  of  a  difference  in  the  b^iavior  d 
various  substances  in  this  regard.  This  appears  probable  on  account  of  the  difference 
in  the  rate  of  absorption  for  various  substances.  Thus,  according  to  Achard,  Gaillui 
and  Ribot  (Compt.  rend.  Soc.  biol.,  1907,  62:  90),  absorption  from  the  peritoneal 
cavity  varies  with  the  concentration  of  the  solution  and  the  size  of  the  molecule.  The 
smaller  the  molecule  and  the  greater  the  concentration  the  more  rapid  the  abeocp- 
tion.  That  the  rate  of  absorption  from  the  intramuscular  tissues  is  unequal  tni 
varies  for  different  substances  appears  from  the  experiments  of  Meltzer  and  Auer. " 
The  difference  was  very  striking  between  intramuscular  and  subcutaneous  adminis- 
tration  of  curara  or  adrenalin;  the  results  were  somewhat  different  with  morphin  asd 
with  fluorescin.  As  shown  in  their  protocols,  the  onset  of  the  symptoms  after  the 
intramuscular  injection  of  morphin  was  sooner  than  after  subcutaneous  injectiGn, 
but  in  time  the  difference  diminishes  and  disappears  altogether.  The  abeorptiGQ  of 
fluorescin  is  much  faster  when  the  intramuscular  path  is  used  than  when  given  sob- 
cutaneously,  but  the  writers  state  that  the  rate  falls  far  behind  that  of  the  intravenoos 
administration.  The  difference  in  toxicity  we  observed  between  feeding  by  month 
and  subcutaneous  injection,  although  distinct,  was  not  very  great.  It  was  much 
less  than  Maurel  ^  obtained  with  the  hydrobromid  of  caffein  in  the  rabbit.  Whether 
this  difference  between  his  results  and  ours  is  due  to  the  use  of  the  pure  alkaloid  in 
our  experiments  and  the  hydrobromid  employed  by  Maurel  can  not  be  stated  at 
present  with  any  degree  of  accuracy.  It  is  hoped  that  the  work  in  progress  in  the 
laboratory  will  throw  some  lig}it  on  the  subject  in  the  near  future.  But  Mauiel's  " 
experiments  show  that  various  substances  behave  differently  in  this  regard.  Thus 
the  toxicity  of  strychnin,  he  states,  is  three  times  as  great  when  given  subcutane- 
ously  as  when  given  by  mouth  and  six  times  that  of  the  tninimnm  fatal  dose  by  vein. 
It  may  be  remarked,  however,  that  examination  of  his  data  shows  that  his  doses  are 
much  too  large  for  the  rabbit.  In  experiments  with  other  drugs  little  or  no  difference 
between  the  two  modes  of  administration  was  noticed.  Thus,  digitalin  was  but 
sliglitly  more  active  when  given  subcutaneously  than  by  mouth,  while  the  toxicity 
of  emetin  hydrochlorid  was  just  the  same,  whichever  one  of  these  methods  of  mtn- 


Digitized  by 


Google 


ACUTE  INTOXIOATION^ — GTHNEA  PIGS.  43 

ducing  the  substance  was  used.  Differences  in  the  toxicity  of  substances  have  also 
been  obeerved  between  subcutaneous  and  intravenous  modes  of  administration, 
but  here,  too,  the  differences  for  various  substances  were  unequal. 

BXPEBIHENTS  ON  aUINEA  PiaS. 

The  toxicity  of  caffein  was  studied  in  a  large  number  of  individuals.  The  experi- 
ments were  conducted  on  full-grown  animals  and  were  carried  out  at  different  seasons 
of  the  year  in  a  variety  of  ways.  Special  attention  was  given  to  diet  as  a  possible 
&ctor  influencing  resistance  to  caffein,  and  the  effect  of  different  modes  of  adminis- 
tration on  toxicity.  Some  animals  were  therefore  fed  oats,  some  carrots,  others  re- 
ceived both  hay  and  oats.  Caffein  was  introduced  subcutaneously,  intraperitoneally, 
and  by  mouth. 

SUBCUTANBOUS  INJBCTION. 

Series  A. 

Preliminary  experiments  carried  out  on  three  guinea  pigs,  which  received  360, 
300,  and  290  mg  of  caffein  per  kilo  subcutaneously  have  shown  that  such  doses  were 
rapidly  &ital.  Two  of  the  animals  were  seized  with  convulsions  half  an  hour  after 
the  introduction  of  caffein  and  died  diuing  the  attack.  The  other  had  tetanus  two 
minutes  after  the  injection  of  caffein.  Repeated  attacks  followed,  which  terminated 
in  the  death  of  the  animal  two  and  a  half  hours  later.  The  fatal  and  toxic  doses  must 
therefore  be  considerably  under  0.3  gram  of  caffein  per  kilo  when  introduced  by  this 
path  and  smaller  doses  were  therefore  injected ^  The  results  are  shown  in  the  experi- 
ments of  the  next  series. 

Series  B. 

Experiments  with  2  decigrams  per  kilo  constituted  this  series. 
Chiinea  pig  iO.    Female.     Weight,  49f  gram*.    Diet,  oats. 

April  2:  5  cc  2  per  cent  canein  injected  subcutaneouslv at  11.30  a. m.;  1.50  p.m., 
spaeon  of  short  duration.    Died  at  3  p.  m.,  three  and  one-half  hours  after  injection. 
Qvinea  pip  S8.    Brovm  male.    Weight,  510  grams.    Diet,  carrots  and  oats  week  previous 
to  injection. 

February  11:  3.50  p.  m.,  6  cc  2  per  cent  caffein  injected  subcutaneously  in  back 
(210  mg  per  kilo);  4.15,  reflexes  increased,  had  convulsion  of  short  duration  when 
aisturbed;  4.45  p.  m.,  on  handling,  repeated  convulsion  and  j^aralysis;  5  p.  m.,  guinea 
pig  Iving  on  his  side,  respiration  difficult  and  labored. 

^  February  11:  5.05  p.  m.,  guinea  pig  found  dead,  2  hours  and  15  minutes  after 
injection. 

Qmrua  pig  S7.    Male.    Weight,  8t0  grams.    Diet,  carrots  and  oats  during  week  pre- 
ceding the  injection  of  caffein. 

February  11:  3.35  p.  m.,  8.5  cc  2  per  cent  caffein  injected  subcutaneously  in  the 
back;  5  p.  m.,  pig  very  sensitive,  anterior  extremities  p|aralyzed  when  handled,  fre- 
quent spasms  of  posterior  extremities,  no  symptoms  noticed  before  5  p.  m.,  although 
watched  all  the  tune;  5.05  p.  m.,  guinea  pig  on  nis  legs  and  looked  normal.  No  attack 
on  handling. 

February  12:  9  a.  m.,  found  dead;  died  within  18  hours. 
Gwnea  pig  IS.    Female.     Weight,  618  qrams.    Diet,  oats. 

March  29:  2.45,  6  cc  2  per  cent  caffein  injected  subcutaneously  (0.194  grams  per 
kilo). 

March  30:  Died  at  4  p.  m.,  25  hours  after  injection. 
Guinea  pip  S6.    Male.     Weight,  850  grams.    Fed  oats  and  carrots  for  one  week  previous 
to  injection. 

February  11:  3.30  p.  m.,  8.5  cc  2  per  cent  caffein  injected  subcutaneously  into 
back;  5  p.  m.,  somewhat  more  sensitive  than  normal,  do  other  symptoms,  no  effect 
on  handling;  5.05  p.  m.,  no  symptoms. 

February  12:  9  a.  m.,  found  dead,  about  18  hours  after  injection. 

The  results  of  these  experiments,  as  observed  in  five  guinea  pigs,  indicate  that 
two  decigrams  of  caffein  per  kilo  of  animal  produce  symptoms  within  a  half  to  about 
two  and  a  quarter  houis  after  injection .    Death  followed  in  two  guinea  pigs  70  minutes 
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lo  1  hoar  after  the  firet  manifestalions  of  symptoms.  Two  others  died  dariag  tiit 
night,  while  one  lived  25  hours  after  the  injection  ol  caffein.  Even  2  dedgnm! 
caffein  per  kilo  weight  might  therefore  he  fatal  to  the  guinea  pig.  Experimats 
carried  out  later  have  shown,  however,  that  the  resistance  to  caffein  is  appreciablT 
greater  in  some  guinea  pigs.  This  is  indicated  by  the  following  exx>erinients,  in  viiid 
doses  of  0^  to  0.24  gram  caffein  per  kilo  were  administered  by  the  same  path. 

Series  C. 

Ouinm  pig  66.     Tdhw  and  dark  brown  male.     Weighty  510  grams.    Diel^  oaU. 

October  4:  5  cc  2  per  cent  caffein  (0.2  gram  per  kilo)  injected  subcutaneously  in 
the  back  at  3  p.  m.;  5  p.  m.,  no  symptoms. 

October  5:  9  a.  m.,  alive;  condition  eood. 

October  9 :  Found  dead.  Autopsy:  Congestion  of  liver,  kidney,  and  small  intestine. 
Guinea  pig  65.     While  and  black  male.     Weighty  510  grams.    Dietj  oats. 

October  4:  5  cc  2  per  cent  caffein  (0.2  gram  per  kilo)  injected  subcutaneously  in 
the  back  at  3  p.  m.;  5  p.  m.,  no  symptoms. 

October  5:9  a.  m.,  condition  good. 
Quinea  pig  60.     White  and  gray  female.     Weighty  StO  grams.    Diet,  oats. 

October  3:  2.25  p.  m.,  3.5  cc  2  per  cent  caffem  ((0.219  gram  per  kilo)  injected  sub- 
cutaneously in  the  back;  3.40  p.  m.,  convulsion  with  recovery;  3.50  p.  m.,  frequent 
spasms  with  paralysis,  especially  of  anterior  extremities;  5.30  p.  m.,  tetanus  when 
removed  from  cage  and  put  on  floor. 

October  4:  8.50  a.  m.,  found  dead.  Autopsy:  Congestion  of  small  intestines,  lungs, 
liver. 

Quinea  pig  57.     White  and  gray  female.     Weight,  S50  grams.    Diet,  oats. 

October  3:  2.15  p.  m.,  3.5  cc  2  per  cent  caffein  injected  subcutaneously  in  the  htck 
(0.2  gram  per  kilo);  3.40  p.  m.,  convulsions  with  recovery;  5.30  p.  m.,  no  marked 
symptoms. 

October  4:  8.50  a.  m.,  alive,  active. 

October  6:  Found  dead  at  9  a.  m.    Autopsy:  Congestion  of  lungs  and  liver;  kidney? 
petechiated;  severe  gastro-enteritis. 
Quinea  pig  68.     YeUow  male.    Weight,  785  grams.    Diet,  oats. 

October  6:  11.35  a.  m.,  7.8  cc  2  per  cent  caffein  ^0.2  gram  x>er  kilo)  injected  sobca- 
taneously;  12  noon,  reflexes  increased  markedly;  4.20  p.  m.,  reflexes  t£e  same  as  at 
12  noon. 

October  7:  9  a.  m.,  dead.    Autopsy:  Lun^  congested;  liver  congested  and  &tty; 
spleen  congested,  kidney  showed  hem(»rtiagic  spots;  gastric  mucosa  necrotic;  snudl 
portion  of  small  intestine  inflamed. 
Guinea  pig  69.     White  male.     Weight,  585  grams.    Diet,  oats. 

October  6:  11.40  a.  m.,  5.8  cc  2  per  cent  caffein  injected  subcutaneously;  12  nocm, 
reflexes  increased,  but  not  as  much  as  in  No.  68;  4.20  p.  m.,  guinea  pig  hyperseusitiTe, 
reflexes  increased  more  than  at  12  noon. 

October  7:  9  a.  m.,  alive. 

October  15:  9  a.  m.,  found  dead. 
Guinea  pig  61.    Brown  and  black  female.     Weight,  330  grams.    Diet,  oats. 

October  3 :  4  p.  m.^  4  cc  2  per  cent  caffein  (240  mg  per  kilo)  injected  subcutaneously; 
5.30  p.  m.,  reflexes  increased;  runs,  but  drags  posterior  extremities. 

October  4:  8.50  a.  m.«  found  dead. 
Guinea  pig  62.     White,  yellow,  and  bladt  female.     Wnght,  335  grams.    Diet,  oats. 

October  3:  4.05  p.  m.,  4  cc  2  per  cent  caffein  (z^  mg  per  kilo)  injected  sabcn- 
taneously  in  the  back;  5  p.  m.,  convulsions;  5.20  p.  m.,  convulsions,  alteniating  with 
paralysis  of  anterior  and  posterior  extremities. 

October  4:  8.50  a.  m.,  found  dead. 
Guinea  pig  70.     White  and  brovm  male.     Weight,  545  grams.    Diet,  oats. 

October  7:  3  p.  m.,  6.5  cc  2  per  cent  caffein  (238  mg  per  kilo)  aqueous  solution 
injected  subcutaneously;  3.50  p.  m.,  reflexes  increased. 

October  9:  9  a.  m.,  found  dead. 
Guinea  pig  71.    Brown  and  white  male.     Weight,  540  grams.    Diet,  oats. 

October  7:  3  p.  m.,  6.5  cc  2  per  cent  ca&in  solution  (0.24  gram  per  kilo)  injected 
subcutaneously;  3.45  p.  m.,  renexes  increased,  tetanus. 

October  9:  9  a.  m.,  found  dead. 
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Cfumea  pig  72.    Brovm  arid  wkUe  male.    Weight,  560  grams.    Diet.  oats. 

October  7:  3  p.  m.,  6.5  cc  2  per  cent  caffem  (0.232  gram  per  kilo)  aaueous  solution 
administered  bv  subcutaneous  injection;  3.35  p.  m.,  reflexes  increased. 

October  10:  found  dead.    Autopsy:  Nos.  70,  71,  72  showed  congestion  of  organs. 

The  reaction  to  caffein  in  the  experiments  of  thb  series  (C)  showed  considerable 
variation.  The  appearance  of  symptoms,  as  well  as  the  final  outcome  of  the  experi- 
ments, differed  markedly  in  a  number  of  cases,  notwithstanding  the  fact  that  the 
conditions  were  the  same;  thus  the  administration  of  0.2  gram  per  kilo  to  guinea 
pigs,  all  of  which  received  the  same  diet,  induced  no  symptoms  in  two  of  the  animals 
(Nos.  66  and  65),  while  marked  symptoms  were  observed  in  the  other  four;  in  two 
of  these  the  symptoms  appeared  in  one  hour  and  a  quarter  after  injection,  and  in  two 
others  (Nos.  68  and  69),  mild  symptoms  only  appeared  in  20  or  25  minutes.  The 
last  two  were  imder  observation  for  4  hours  longer,  but  there  was  no  visible  change 
in  their  condition.  The  duration  of  life  in  all  of  these  guinea  pigs,  as  indicated  in 
the  table^  likewise  varied.  Two  (Nos.  60  and  68)  died  during  the  night  after  they 
received  cafifein,  one  survived  (No.  65),  and  three  others  (Nos.  57,  66,  and  69)  lived 
2),  5,  and  9  days,  respectively.  Experiments  with  larger  doses  likewise  showed 
differences  in  the  behavior  of  these  animals  toward  ca£Fein,  but  they  were  not  quite 
80  marked .  As  shown  in  the  table,  symptoms  appeared  in  from  35  minutes  to  1 .5  hours 
after  injection.  The  duration  of  life  was  less  than  1  day  in  two  pigs,  about  twice  as 
Vmg  in  two  others,  and  in  one  case  between  2  and  3  days. 

A  comparison  made  with  results  obtained  in  the  preceding  series  shows  a  striking 
difference  in  the  resistance  Jto  caffein.  As  2  decigrams  per  kilo  proved  more  rapidly 
fatal  to  the  guinea  pig  than  the  larger  doses  employed  in  the  later  experiments,  this 
diiSerence  in  the  resistance  to  caffein  may  be  due  to  several  factors.  As  pointed  out 
in  the  experiments  on  rabbits,  age  mi^t  be  an  important  factor  influencing  the 
toxicity  of  caffein.  Unfortunately,  no  accurate  data  were  available  on  the  age  of  the 
guinea  pigs,  but  they  were  all  apparently  full  grown,  although  they  differed  in  weight 
considerably.  The  difference  in  their  ages  was  in  all  probability  not  very  great. 
Moreover,  it  will  be  observed  that  the  resistance  in  series  B  and  C  differed  in  animals 
of  approximately  the  same  weight.  This  is  evident  on  comparing  experiments  Nos. 
20,  38,  and  13  of  series  B  with  Nos.  65,  66,  and  69  of  the  next  series.  Again,  further 
inspection  and  analysis  of  these  tables  show  no  difference  in  the  toxicity,  although 
there  may  be  considerable  difference  in  the  weight,  from  which  it  may  be  concluded 
that  the  animals  were  of  about  the  same  age  or  that  this  plays  no  part  in  the  resistance 
to  caffein  in  the  guinea  pig. 

Diet  is  another  &otor  which  should  be  taken  into  consideration  in  this  coimection. 
The  recent  work  of  Hunt^  indicates  that  this  may  influence  the  resistance  of  animals 
to  some  poisons .  Our  experiments,  however,  fail  to  show  any  difference  in  the  toxicity 
of  the  caffein  in  guinea  pigs,  whether  fed  oats,  carrots,  or  both,  for  different  results  were 
obtained  on  the  same  diet,  and  there  seemed  to  be  little  or  no  difference  in  the  toxicity 
of  caffein  when  the  diet  was  different.  Other  explanations  suggest  themselves  to 
account  for  the  results  obtained.  Seasonal  changes  have  been  assigned  by  a  number 
of  investigators  as  a  cause  of  variation  in  the  resistance  to  drugs.  According  to  Focke,^* 
frogs  are  more  susceptible  to  digitalis  in  the  spring  than  in  the  summer,  while  Moech- 
kowitsch  •*  and  Edmunds  ^'  reported  the  very  opposite  results.  Schmiedeberg's  ** 
observations  on  strophantin  in  frogs  were  in  harmony  with  those  of  Edmunds  ^'  and 
Moschkowitsch.'*  Similar  results  were  reported  with  guinea  pigs.  Harrington's  ^ 
experiments  indicate  that  stimulation  of  the  vagus  is  less  effective  from  October  to 
January  than  from  February  to  April,  when  they  are  also  much  more  susceptible  to 
operative  procedure.  Hunt  found  that  the  resistance  of  guinea  pigs  to  aceto  nitril  is 
ftbout  twice  as  great  in  the  summer  months  as  it  b  in  January  and  February. 

Race  might  also  be  thought  of  as  an  important  feictor  in  this  connection.  Since  the 
guinea  pigs  used  at  different  seasons  of  the  year  were  of  several  varieties,  there  b  no 
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reason  to  suppose,  however,  that  the  varieties  experimented  upon  in  Hie  msmms 
were  more  resistant  than  those  used  in  the  winter  and  spring.  It  ie  hig^y  probaUe, 
therefore,  that  the  greater  resistance  to  caffein  of  the  guinea  pigs  ci  series  C  tbMn  tboK 
of  series  B  was  due  to  seasonal  variation. 

Doses  of  0.20  to  0.24  gram  caffein  per  kilo  weight,  therefore,  may  be  regaided  as  ^ 
minimum  fatal  dose  for  the  guinea  pig,  depending  upon  the  season.  8ince  0^  gnsi 
per  kilo  proved  to  be  rapidly  fatal  in  series  B,  this  quantity  was  perhaps  not  ti» 
minimum  ktal  dose  for  the  guinea  pig  at  the  season  during  which  the  experiment! 
were  made.  Additional  tests  with  smaller  doses  were  therefcve  carried  oat  duriaf 
February  and  March.    The  results  are  shown  in  series  D. 

Sbkiks  D. 

Ouinta  pig  49.    Male.     Weight ,  510  grams.    Diet,  oats  for  1  month  previous  to  expai- 
ment, 

March  17:  3  p.  m.,  4  cc  2  per  cent  caffein  (0.16  gram  per  kilo)  were  injected  sob- 
cutaneously;  4.40  p.  m.,  reflexes  increased;  5.40  p.  m..  no  symptoms. 

March  18:  9  a.  m.,  found  dead,  died  in  less  than  18  nours.    Autopty:  He 
into  abdominal  cavity;  liver  and  spleen  unduly  congested;  intestines  inj< 
hemorrtiagic  area  at  pomt  of  injection. 
Guinea  pi^  40.    Male.    Weighty  6S0  grams.    Diet,  oats  and  carrots  one  week  precious  to 
injechon. 

February  12:  11  a.  m.,  5  cc  2  per  c«it  caffein  (0.158  gram  per  kilo)  injected  subcs- 
taneously  mto  back. 

February  13:  1  p.  m.,  still  alive. 

February  14:  9  a.  m.,  found  dead. 
Guinea  pi^4S.    Female.    Weight,  4^  grams.    Diet,  oats  for  about  one  month  previous  to 
injection. 

March  17:  3  p.  m.,  3.5  cc  of  2  per  cent  caffein  injected  subcutaneously  in  the  back 
(0.160  gram  per  kilo);  4.35  p.  m.,  no  symptoms;  5.40  p  m.,  no  symptoms. 
Guinea  pig  39.     Male.     Weight,  8t0  grams.    Diet,  oats  and  carrots. 

February  12:  11  a.  m.,  6  cc  (0.15  gram  per  kilo)  2  per  cent  caffein  injected  subcu- 
taneomtly  m  back. 

February  14:  9  a.  m.,  alive;  seemed  to  be  in  good  condition;  found  dead  at  1  p.  m. 
Guinea  pig  41 .     Weight,  €60  grams.    Diet,  oats  and  carrots  one  weekprevious  to  injcdttm* 

February  12:  11  a.  m.,  5  cc  (0.15  gram  per  kilo)  2  per  cent  caffein  injected  subcu' 
tanoously. 

February  14:  2  p.  m.,  pig  alive;  apparently  normal. 

February  18:  Guinea  pig  still  alive  and  apparently  in  good  condition. 
Guinea  pig  4S.    Female.     Weight,  470  grams.    Diet,  oats  about  one  month  previous  to 
experiment. 

March  17 :  3.15  p.  m.,  4  cc  (0.170  gram  per  kilo)  2  per  cent  caffein  injected  into  back 
subcutaneously;  4.35  p.  m.,  reflexes  increased,  tremors  on  handling  marked;  5.40  p. 
m.,  no  change,  symptoms  about  as  before. 

March  18:  2.30  p.  m.,  no  symptoms. 

The  experiments  of  this  series  (D)  likewise  showed  a  considerable  difference  in  the 
resistance  of  the  individual  guinea  pigs.  Nos.  41,  45,  and  46  survived;  the  rest  of 
the  pigs  died  within  18  hours  to  2  days  after  the  administration  of  caffein.  Since  an 
autopsy  was  held  on  one  only,  it  is  impossible  to  assign  a  cause  for  the  variation  in  the 
toxicity  of  caffein  in  these  guinea  pigs,  as  the  diet  and  the  other  conditions  under 
which  the  experiments  were  conducted  were  the  same.  It  was  found  in  the  experi- 
ments on  cats  and  rabbits  that  the  presence  of  morbid  processes  tends  to  increase  the 
toxicity  of  caffein.  The  observations  of  OphtUs^  are  of  interest  in  this  connectioiL 
He  found  spontaneous  lesions  of  the  kidney  and  liver  in  a  large  proportion  of  guinea 
pigs  examined.  The  greater  susceptibility  to  caffein  of  guinea  pigs  Noe.  39,  40,  49, 
is  probably  due  therefore  to  some  pathological  change  which  increased  its  toxicity. 
About  0.2  to  0.24  gram  per  kilo  may  therefore  be  regarded  as  the  minimum  lethil 
dose  for  the  normal  guinea  pig  when  caffein  is  introduced  subcutaneously,  the  mini- 
mum toxic  dose  being  about  150-160  mg  per  kilo. 
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£xperiinent8  were  also  conducted  to  determine  the  largest  dose  wliich  does  not  pro- 
uce  any  visible  effects.  In  a  number  of  tests  with  from  100  to  120  mg  caffein  per 
ilo  (series  E,  see  Table  6,  p.  51)  no  manifestation  of  nervous  or  muscular  disturbance 
or  any  departure  from  the  normal  in  respiratory  activity  was  observed.  Such 
oantities  may  be  r^;arded  as  the  largest  doses  which  are  surely  safe  for  these  animals. 
t  is  quile  possible,  therefore,  that  the  greater  variation  in  the  toxicity  of  caffein 
bserved  in  these  experiments  is  due  to  morbid  conditions.  Moreover,  there  is  some 
vidence  that  caffein  increases  the  toxicity  of  certain  poisons,  as  shown  by  Hale  ^  for 
cetaoilid.  Is  it  not  possible  that  caffein  may  similarly  be  affected  by  poisons  cir- 
ulating  within  the  body?  Indeed  the  recent  work  of  Loeb  ^  makes  this  supposition 
ighly  probable.  This  investigator  found  that  caffein  and  adrenalin  injected  together 
^reduce  myocarditis  in  the  rabbit.  It  is  conceivable  that  the  combined  action  of 
affein  and  some  preexisting  poison  may  cause  changes  which  terminate  in  the  death 
i  the  animal.  The  delayed  death  of  guinea  pigs  after  the  administration  of  caffein 
observed  in  this  and  other  series  may  probably  be  accounted  for  in  this  way. 

Experiment  57  lends  some  support  to  this  view.  The  condition  of  the  kidneys  and 
lie  presence  of  a  severe  gastro-enteritis  are  sufficient  to  account  for  the  death  of  this 
»8e.  Again  the  frequent  association  of  gastro-enteritis  and  congestion  of  the  oigans 
ii  caffein  intoxication  found  in  different  animals  makes  it  highly  probable  that  these 
lesions  were  caused  by  caffein. 

INJBCTION  INTO  THB  PBRITONBAXi  CATITT. 

The  experiments  were  carried  out  with  different  doses.  All  the  guinea  pigs  in 
this  series  were  kept  on  a  uniform  diet,  consisting  of  oats.  Most  of  them  were  of  aven^ 
size  and  there  were  no  wide  variations  in  their  weights.  The  experiments  of  series  A 
with  the  smallest  doses  were  conducted  in  March  and  April;  all  the  other  experiments 
it  will  be  noticed  were  made  in  October. 

Series  A. 

Guinea  pig  41-    Weighty  700  grams.    Diet,  oata. 

April  1:  3.30  p.  m.,  4.5  cc  2  per  cent  caffein  (130  mg  per  kilo)  injected  into  peri- 
toneal cavity.    5.35  p.  m.,  symptoms  present  but  no  tetanus. 

April  2:  Found  dead  about  2  p.  m.,  duration  of  life  about  22  hours.  AtUopsy: 
Subcutaneous  hemorrhage  at  the  point  of  inoculation;  serious  exudate  on  viscMsral 
and  parietal  peritoneimi  with  marked  inflammation  of  peritoneum;  portions  of 
intestmes  showed  slight  enteritis. 

Ownea  pig  49,    Male,    Weight,  S70  grams.    Diet,  oats, 

April  1:  3.15  p.  m.,  2.5  cc  2  per  cent  caffein  (135  mg  per  kilo)  injected  into  the  peri- 
ton^  cavity;  5.30  p.  m.,  symptoms  present;   reflexes  increased,  but  no  tetanus. 
Guinea  pig  survived. 
Guinea  pig  47,    Female.    Weight,  550  grams.    Diet,  oats  since  about  Febnuay  4* 

March  17:  3.30  p.  m.,  3.5  cc  2  per  cent  caffein  (127  mg  per  kilo)  injected  into  peri- 
toneal cavitv;  4.35  p.  m.,  increased  irritability  present,  but  not  marked;  5.40  p.  m., 
symptoms  about  Hie  same  as  before. 

March  18:  2.30  p.  m.,  condition  good;  no  symptoms.    Survived. 
GvinM  pig  50,    Female,     Weight,  290  grams.    Diet,  oats, 

April  1:  3.30 p.  m.,  2  cc  2  percent  caffein  Q38  mg  per  kilo)  injected  into  peritoneal 
cavity;  5.35  p.  m.,  symptoms  present;  renexes  much  increased,  but  no  tetanus. 
Survived. 

Series  B. 

Guinea  pig  51,     Yellow  female.    Weight,  41S  grams, 

October  1:  9.50  a.  m.,  3  cc  (144  mg  per  kilo)  2  per  cent  caffein  injected  into  peri- 
toneal cavity;  4.30  p.  m.,  no  symptoms,  aldiough  under  observation  all  day. 

October  3:  2  p.  m.,  alive. 
Guinea  pig  5t,    WhiU  male,    Weioht,  450  grams, 

October  1:  9.45  a.  m.,  3.5  cc,  2  per  cent  caffein  (155  mg  per  kilo),  injected  into 
peritoneal  cavity;  4.30  p.  m.,  no  symptoms  developed  since  injection. 

October  3:  2  p.  m.,  afive. 
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Gumea  pig  53.    Brown  and  wkiU  male.     Weighty  490  grami. 

October  1:  9.45  a.  m.,  4  cc,  2  per  cent  canein  (163  mg  per  kilo),  injected  into  pen- 
toneal  cavity;  4.30  p.  m.,  no  symptoms  developed  since  mjection. 

October  3:  2  p.  m.,  alive. 

October  8:  Foimd  dead.  Autopey:  Ccmgestion  of  Inngs,  spleen,  liver,  kidneys,  and 
small  inteadnee. 

SsBixs  C. 

Guinea  pig  59.    Gray  and  white.     Weighty  S75  ^rams.    Dietj  oats. 

October  3:  2  p.  m.,  3.75  cc(0.2  gram  per  kilo)  injected  mto  peritoneal  cavity;  2.15 
p.  m.,  reflexes  increased  but  not  markedly;  4  p.  m.,  r^exes  still  more  increased; 
no  other  symptoms;  5.30  p.  m.,  no  symptoms. 

October  4:  8.50  a.  m.,  guinea  pig  alive  and  active. 
Guinea  pig  58.    Brown  and  white.    Weight,  380  grama.    Diet,  oats, 

October  3:  2  p.  m.,  3.8  cc  caffein  (0.2  gram  per  kilo),  2  per  cent  solution,  injected 
into  peritoneal  cavity;  2.10  p.  m.,  hind Icct  extended,  then  tetanus;  attach  lasted  a 
few  seconds,  after  which  pig  raised  himself  on  his  legs,  but  reflexes  remained  much 
exaggerated;  4  p.  m.  to  5.30  p.  m.,  no  symptoms  of  oiffein  intoxication. 

October  4:  8.50  a.  m.,  guinea  pig  alive  and  active. 
Guinea  pig  56.    Gray  and  white  rrude.    Weight,  440  grams.    Diet,  oats. 

October  1:  11.30  a.  m.,  received  4.6  cc  of  2  per  cent  caffein  solution  (0.2  gram  per 
kilo)  into  abdominal  cavity;  11.45  a.  m.,  stiffness  and  rigidity  of  posterior  extremi- 
ties, reflexes  increased;  12.30  p.  m.,  hind  lep  paralyzed,  reflexes  increased;  4.35 
p.  m.,  no  symptoms,  guinea  pig  in  good  condition. 

October  3:  Still  alive,  in  good  condition. 

October  14:  Died.    Autopsy:  Anterior  lobe  of  ridit  hing  hepatised.    Small  portian 
of  small  intestine  edematous.    Other  organs  normtd. 
Guinea  pig  55.    White  and  yelhw  male.    Weight,  690  gnam.    Diet,  oats. 

October  1:  11.30  a.  m.,  received  6.5  cc  of  2  per  cent  solution  caffein  (188  wg  per 
kilo)  into  peritoneal  cavity;  11.40  a.  m.,  stiffness  in  all  extremities,  reflexes  markedlT 
increased ;  12.30  p.  m.,  reflexes  increased,  anterior  and  posterior  extremitieB  pazalyiea; 
3  p.  m.,  found  dead. 

Series  D. 

Guinea  pig  67,    Gray  and  yellow  male.     WeigJU,  330  grams.    Diet,  oats. 

October  5:  11.25  a.  m.,  4  cc  of  2  per  cent  caffein  injected  into  peritoneal  cavity 
(240  mg  per  kilo);  11.30  a.  m.,  tetanus — survived,  convulsions  ofTand  on.     Death 
at  2.55  p.  m.    Autopsy:  Severe  gastroenteritis;  kidney  petechiated;  congestion  of 
lungs  and  liver. 
Guinea  pig  63.    Gray  and  white  male.     WeigJU,  340  qrams.    Diet,  oats. 

October  5:  11.20  a.  m.,  4  cc  of  2  per  cent  caffem  (235  mg  per  kilo)  injected  into 
peritoneal  cavity. 

October  14:  Alive  and  in  good  condition. 
Guinea  pig  64.    Brown  and  black  female.     Weight,  305  grams. 

October  5:  11.35  a.  m.,  3.8  cc  2  per  cent  solution  caffein  (250  sag  per  kilo)  injected 
into  peritoneal  cavity;  11.40  a.  m.,  tetanus— eiu^ved,  convulsions  off  and  on,  died 
at  4.15  p.  m.    Autopsy:  Findings  exactly  the  same  as  in  No.  67. 

Examination  of  the  results  of  the  experiments  by  intraperitoneal  injections  showed 
that  0.2  gram  caffein  per  kilo  was  toxic  in  two  guinea  pigs  (Nos.  59  and  58).  Seven 
symptoms  were  observed  within  15  minutes  in  No.  56  and  within  one  hour  in  No. 
55  after  the  administration  of  approximately  the  same  dose  of  caffein.  One  of  these 
died  within  three  and  one-half  hours;  the  other,  No.  56,  made  a  good  recovery  train 
the  acute  effects.  This  amount  of  caffein  may  be  r^;arded,  therefore,  as  the  minL 
mum  toxic  dose  for  the  guinea  pig  when  injected  into  the  peritoneal  cavity.  This 
is  corroborated  by  the  experiments  of  series  B  in  which  smaller  doses  failed  to  show 
any  muscular,  nervous,  or  respiratory  symptoms,  nor  were  there  any  after  efifeds 
noticed,  as  all  of  them  survived  and  were  kept  imder  observation  for  aome  time. 
The  guinea  pigs  of  series  A,  however,  seem  to  contradict  these  results.  It  will  be 
remarked  that  appreciably  smaller  doses  induced  symptoms  in  all  of  ibem^  and  oae 
case  terminated  fatally.  The  seasonal  variation,  as  already  pointed  out,  ia  in  all 
probability  likewise  responsible  for  the  difference  in  tiie  resistance  between  ttm 
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guinea  pigs  of  series  A  and  B.  Tests  were  made  also  to  detennine  the  minimum 
fatal  dose.  For  this  purpose  the  experiments  of  series  D  were  performed.  The 
resistance  of  No.  63  in  this  series  is  quite  striking.  We  are  unable  to  explain  such 
a  discrepancy  in  the  results  obtained  imder  practically  uniform  conditions.  The 
minimum  fatal  dose  of  caffein,  when  injected  into  the  peritoneal  cavity,  is  therefore 
about  240  to  250  milligrams  per  kilo.  These  amoimts,  it  will  be  observed,  were 
rapidly  fatal,  in  striking  contrast  to  the  results  obtained  when  such  doses  were  injected 
Bubcutaneously.  This  is  probably  due  to  a  better  absorption  from  the  peritoneal 
cavity  than  from  the  subcutaneous  tissues. 

ADMINTSTRATTON  BT  MOUTH. 

All  the  guinea  pigs  in  these  experiments  were  kept  on  a  diet  of  hay  and  oats  and 
were  of  large  size.    The  tests  were  made  with,  different  doses  of  caffern  in  order  to 
detennine  the  limits  of  toxicity  when  the  drug  was  administered  by  mouth. 
Guinea  pig  ltd.     White  and  black  male.     Weighty  855  grams.    Diety  oats  and  hay. 

June  6:  2.20  p.  m.,  12  cc  of  2  per  cent  caffein  (0.28  gram  per  kilo)  by  mouth;  3 
p.  m.,  reflexes  increased;  5  p.  m.,  reflexes  still  more  increased;  no  other  symptoms. 

June  7:  9  a.  ni^  found  dead;  guinea  pig  passed  75  cc  urine,  which  was  almost  color- 
lees.    Autopsy:  Heart  and  blood  veesels  injected;  lungs  congested;  small  intestines 
congested;  other  organs  apparently  normal. 
Guinea  pig  ISO.    Black  and  brovm  male.     Weighty  800  grams.    Diet,  oats  and  hay. 

June  6:  2.30  p.  m.,  12  cc  of  2  per  cent  caffein  (0.3  gram  per  kilo)  administered  by 
mouth;  3  p.  m.,  reflexes  increased;  5  p.  m.,  increase  of  reflexes  greater  than  at  3 
p.m. 

June  7:  9  a.  m.,  foimd  dead;  onlv  a  few  cubic  centimeters  of  urine  passed  since 
4  p.  m.    AiUopsy:  Heart  and  blood  vessels  injected;  lungs  congested;  small  intes- 
tines congested  sfightly. 
Guinea  pig  ISl.     White  and  yellow  male.     Weighty  860  grams.    Diety  oats  and  hay. 

June  6:  2.40  p.  m.,  12  cc  2  per  cent  caffein  administered  by  mouth;  3  p.  m.,  reflexes 
increased;  5  p.  m..  reflexes  still  more  marked. 

June  7:9  a.  m.,  found  dead,  pig  passed  about  5  cc  urine  since  4  p.  m.  of  previous  day. 
Autopsy:  Same  as  in  No.  130. 
Guinea  pig  1S6.     White  and  black  male.     Weight,  1,000  qrams.    Diet,  oats  and  hay. 

June  9:  4  p.  m.,  7.5  cc  2  per  cent  caffein  solution  injected  subcutaneously  into  the 
back;  4.50  p.  m.,  reflexes  increased. 

June  10:  9.30  a.  m.,  more  sensitive  than  normal  guinea  pigs,  but  reflexes  not  quite  so 
marked  as  at  5  p.  m.  previous  day,  about  15  cc  \uine  passed  since  caffein  was  injected, 
reduction  of  Feming's  solution  considerable,  no  albumin. 

June  13:  Alive  and  in  good  condition.    Appetite  good.    (Note. — ^Parallel  test  with 
urine  from  two  guinea  pigs  which  did  not  receive  caffein  ndled  to  show  reduction  of 
Fehling's  solution.) 
Guinea  pig  181.    WUie  and  brovm  male.     Weight,  925  grams.    Diet,  oats  and  hay. 

June  9:  4  p.  m.,'7  cc  2  per  cent  solution  caffein  injected  subcutaneously;  4.50  p.  m., 
reflexes  increased. 

June  10:  Reflexes  less  marked  than  at  5  p.  m.  previous  day,  but  is  more  sensitive 
than  normal  euinea  pis,  about  10  cc  urine  passed  since  injection  of  caffein,  moderate 
amount  of  reduction  oiFehling's  solution. 

June  13:  Guinea  pig  alive,  appetite  good,  condition  good. 

June  16:  9  a.  m.,  foimd  dead. 
Guinea  pig  185.     White  and  black  male.     Weight,  955  grams.    Diety  hay  and  oats. 

June  9:  3  p.  m.,  7.5  cc  2  per  cent  caffein  solution  given  by  mouth  through  stomach 
tube;  4.50  p.  m.,  reflexes  increased. 

June  10^  Keflexes  less  than  on  previous  day  and  less  marked  than  in  No.  136,  a  few 
cubic  centimeters  dirty  brown  urme  collected  but  could  not  be  tested  for  reduction. 

June  13:  Condition  good,  appetite  good. 

June  16:  9  a.  m.,  foimd  dead. 
OuiTiea  pig  184.    White  and  brown  male.     Weight,  740  grams.    Diet,  hay  and  oaU. 

June  9:  2.55  p.  m.,  6  cc  warm  2  per  cent  caffein  solution  given  by  mouth  through 
stomach  tube;  4.50  p.  m.,  reflexes  increased. 
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June  10:  9.30  a.  m.,  reflexes  much  lees  than  day  bef<»«,  increase  alight,  a  lew  cakk 
centimeters  of  urine  passed  since  injectioii  of  caffein,  loc^ced  brown  and  dirty,  coiM 
not  be  tested  for  reducing  substances. 

June  13:  Guinea  pig  alive,  appetite  good,  condition  good. 

June  14:  9  a.  m.,  found  dead. 
Guinea  pig  ItS.     While  and  black  male.     Weighty  1,075  grams,    Dief ,  hay  and  oaU. 

June  7:  10  a.  m.,  11  cc  2  per  cent  caffein  by  mouth  throi^  stomach  tube;  11. 1& 
a.  m.,  no  symptoms,  no  urine  passed;  1  p.  m.,  increased  rsflexee,  about  15  cc  (esti- 
mated) urine  passed:  4  p.  m.,  reflexes  increased,  still  more  urine  passed  (about  20 cct: 
4.50  p.  m.,  tetanus,  frequent  attacks,  then  paralysis  and  death  at  4.58  p.  m.  AtUoftif: 
Lungs  congested;  blood  vessels  of  heart  injected;  intestines  slightly  congested;  fetn- 
liver. 
Guinea  pig  126.     White  and  gray  male.     Weipht,  980  granu.    Diet,  oats  and  h(^. 

June  7:  9.40  a.  m.,  9.8  cc  2  per  cent  caffem  given  by  nK)uth  through  stomach  tube; 
10  a.  m.,  no  symptoms;  11.10  a.  m.,  no  luine  passed,  reflexes  increased;  1  p.  m.,  mc^ 
sensitive  than  before;  4  p.  m.,  increase  of  reflexes  more  marked,  no  urine  passed;  4.4-5 
p.  m.,  about  15  cc  urine  collected;  5  p.  m.,  no  change. 

June  8:  9  a.  m.,  reflexes  about  the  same  as  5  p.  m.  TO^vious  dav,  no  urine  passed 
since  4.45  p.  m.  previous  day,  considerable  reduction  of  FehUng's  solution,  much  more 
than  urine  of  guinea  pig  No.  127;  11.05  a.  m..  ccmvulsions;  12  noon,  still  ulive  and 
stretched  out  on  abdomen;  died  at  1  p.  m.  Autopsg:  Lungs  badly  congested;  beirt 
and  blood  vessels  injected;  blood  vessels  of  kidney  and  of  small  intestines  injected; 
liver  engorged  with  blood;  a  few  necrotic  spots  in  stomach. 
Guinea  pig  Ji7.     White,  bladt,  and  brown  male.     Weight,  160  grams.    Diet,  oatsandha§. 

Jime  7:  9.50a.m.,7.6cc2  per  cent  caffein  by  mouth  through  stomach  tube ;  10  a.  m^ 
no  symptoms;  11.10  a.  m.,  reflexes  increased,  no  urine  passed;  1  p.  m.,  very  sensitive; 
4  p.m.,  sensitiveness  increased,  about  20  cc  urine  passed;  5  p.  m.,  no  change. 

June  8:  9  a.  m.,  reflexes  about  the  same  as  5  p.  m.  previous  day;  9.30  a.  m.,  guinea 
pig  paased  30  cc  urine  since  he  received  caffein,  urine  showed  a  moderate  amount  of 
reduction;  12  noon,  convulsions;  died  at  2.30  p.  m.  Autopsy:  Lungs  congested; 
blood  vessels  of  heart  and  of  intestines  injected;  numerous  necrotic  spots  in  stomaick; 
other  organs  apparently  normal. 

Examination  of  the  protocols  shows  that  the  absorption  of  caffein  from  the  gastro- 
^  intestinal  canal  was  quite  rapid,  symptoms  having  been  observed  as  early  as  20  min- 
utes after  its  introduction.  The  duration  of  life,  it  will  be  remarked,  varied  with  the 
size  of  the  dose.  When  approximately  3  decigrams  per  kilo  were  fed,  all  the  animals 
died  in  the  night.  They  Hved,  therefore,  less  than  18  hours.  Two  decigrams  p^  kilo 
were  likewise  fatal,  but  the  duration  of  life  was  longer.  To  decide  whether  or  not  this 
is  the  smallest  fatal  dose,  smaller  amounts  were  fed.  It  seemed  at  first  that  about  150 
mg  per  kilo  was  the  smallest  toxic  dose,  and  about  200  mg  per  kilo  the  minimum  fatal 
dose.  Macroscopic  examination  of  the  organs,  however,  threw  some  doubt  on  this 
supposition,  for  well-marked  lesions  were  noticed  in  all  of  the  guinea  pigs  which 
received  0.2  gram  per  kilo.  It  is  quite  possible,  therefore,  that  the  minimum  fatal 
dose  may  be  somewhat  higher,  as  we  have  reason  to  believe  that,  at  least  in  some  patho- 
logic conditions,  the  susceptibility  to  caffein  is  increased.  The  presence  of  fatt>' 
changes  in  the  liver  of  No.  128  and  the  rapid  death  in  this  case  lends  especial  support 
to  this  view.  Hence,  the  minimum  fatal  dose  is  probably  greater  than  0.2  gram  per 
kilo  for  the  normal  guinea  pig.  The  doses  employed  for  the  tests  on  guinea  pigs  Nop. 
129, 130,  and  131  may  be  considered  therefore  the  minimum  fatal  doee  for  these  animab. 
It  will  be  also  remarked  that  macroscopical  examination  of  the  organs  of  these  animak 
failed  to  reveal  the  presence  of  severe  lesions.  That  the  minimum  toxic  dose  is  prob- 
ably much  smaller  than  0.28  gram  per  kilo  is  indicated  by  the  experiments  on  guin^ 
pigs  Nos.  135  and  134,  in  which  0.15  gram  caffein  per  kilo  induced  mild  symptoms 
in  from  two  to  three  hours.  Both  of  these,  however,  and  also  No.  137  died  four  to  six 
days  after  the  drug  was  fed.  As  already  pointed  out,  caffein  may  be  a  £actor  in  the 
delayed  death  of  guinea  pigs  which  received  moderate  doses  of  it.  That  this  suppo- 
sition may  also  be  true  for  guinea  pigs  Nos.  134, 135,  and  137  is  indeed  made  probable 
by  the  observation  that  after  moderate  amoimts  of  caffein  symptoms  may  persist  in 
the  guinea  pig  for  about  24  hours,  and  also  by  the  ^t  that  the  secretion  of  urine  in 
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these  animals  was  vary  scanty,  as  shown  in  the  preceding  record  of  the  experiments; 
this  means  slow  elimination  of  caffein  and  its  products  of  decomposition.  It  is  con- 
ceivable that  the  presence  of  toxic  amounts  of  caffein  in  the  body  for  a  considerable 
length  of  time  would  induce  changes  that  ultimately  lead  to  the  death  of  the  animal 
or  that  morbid  processes  are  set  up  by  the  combined  action  of  caffein  and  some  pre- 
existing poison.  Since  some  guinea  pigs,  however,  survived  the  doses  indicated,  it 
is  more  probable  that  such  changes  would  be  brought  about  by  caffein  in  the  presence 
of  a  preexisting  poison.  The  death  of  these  pigs,  and  also  of  No.  137  several  days  later, 
is  difficult  to  account  for  on  any  other  theory  than  the  one  suggested.  Were  it  not  for 
the  fact  that  controls,  that  is,  animals  of  the  same  lot  which  had  not  received  caffein 
stirvived  all  of  the  experimental  animals,  changed  conditions  of  environment  or  acci- 
dent might  be  considered  the  cause  of  death  in  the  guinea  pigs  of  the  last  series. 

Table  6. — Subcutaneous  injection  of  guinea  pigs, 

SERIES  A. 


Num- 
ber of 
pig. 

Weight. 

Caffein 
per 
lEilo. 

Appearance  of 
symptoms. 

Duration  of  life. 

Diet. 

Month. 

Remarlts. 

18 

Grams, 
500 
548 
442 

Oram, 

0.300 

.290 

.360 

2  minntes 

2  hours  40  minutes. . 
30  minutes 

Carrots 

Oats 

do 

March..... 

...do 

...do 

Female. 

15 

Do. 

14 

16  minutes 

do 

Do. 

SERIES  B. 


20 

497 

0.200 

38 

570 

.210 

37 

820 

.200 

13 

618 

.194 

86 

850 

.200 

2  hours  20  minutes. 

25  minutes 

1  hour  25  minutes.. 


1  hour  30  minutes. 


3  hours  30  minutes. 
2  hours  15  minutes. 
Less  than  18  hours. 


25  hours.. 
18  hours.. 


Oats 

Carrots 

Carrots  and 

-oats. 

Oats 

Carrots  and 

oats. 


ApriL.... 
February 
...do 


March.... 
February 


Female. 
Male. 
Do. 

Female. 
Male. 


SERIES  C. 


66 

510 

0.200 

65 

610 

.200 

60 

320 

.219 

67 

350 

.200 

68 

786 

.200 

60 

685 

.200 

61 

330 

.240 

62 

335 

.238 

70 

645 

.238 

71 

640 

.240 

72 

560 

.232 

None 

do 

1  hour  15  minutes. 

do 

25  minutes 

20  minutes 

1  hour  30  minutes. 

Ihour 

50  minutes 

45  minutes 

35  minutes 


5day8 

Survived 

Within  18  hours.... 

About  2}  days 

Less  than  22  hours. 

9da]rs 

Less  than  24  hours. 

do 

About  2  days 

do 

Atx)Ut3days 


Oats 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do..... 
....do..... 


Octobor 
..do.... 
..do.... 
..do.... 
..do.... 
..do.... 
..do.... 
..do.... 
..do.... 
..do.... 
..do.... 


Male. 

Do. 
Female. 

Do. 
Male. 

Do. 
Female. 

Do. 
Male. 

Do. 

Do. 


SERIES  D. 


40 
40 

610 
630 

435 
820 

660 

m 

0.160 
.158 

.160 
.ISO 

.160 
.170 

1  hour  40  minutes.. 

Less  thanl8  hours... 
Survived 

Oats 

Oats  and 

carrots. 

OatB 

Oats  and 

carrots. 

do 

Oats  (7) 

March 

February . 

March 

February . 

...do 

March 

Male. 
Do. 

45 

None 

Female. 

39 

2  days 

Male. 

41 

Survived 

do 

46 

Ihour  20  minutes.. 

Female. 

SERIES  E. 


19 

656 

0.100 

42 

400 

.120 

43 

430 

.116 

44 

635 

.112 

97 

330 

.100 

96 

620 

.100 

None... 

do.. 

do.. 

do.. 

do.. 


Survived 

do 

do 

do 

do 

About  3  days.. 


Oats 

....do 

....do 

....do 

do 

Carrots 


April 

February. 

...do 

...do 

November 
...do 
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Tablb  7. — InjecHon  into  peritoneal  cavity;  gumea  pigs. 

SERIES  A. 


Nran- 

berof 

pig. 

Weight. 

Caflein 
per 
kilo. 

Appearance  of 
symptoms. 

Duration  of  lite. 

Diet. 

Manth. 

RenEBii& 

41 

Oranu. 
700 
370 
560 
290 

Omm. 

ai30 
.135 
.127 
.138 

2hoim 

Oats 

do 

do 

do 

April 

Hf^l* 

49 
47 
60 

2hour8l5minate8. 

Ihom" 

2  hours 

Survived 

do 

do 

...do '      Do. 

March )  Facak. 

April....     1      nn 

SERIES  B. 


51 

415 

a  144 

52 

460 

.155 

68 

490 

.163 

None.. 
....do. 
..-.do. 


Survived.... 

....do 

....do 


Oats... 
....do.. 
....do.. 


October.. 

..do 

..do 


Femak. 
Male. 

Do. 


SERIES  C. 


60 

375 

380 
440 
090 

0.200 

.200 
.200 
.188 

15  minutes 

Survived 

Oats 

do 

do 

do 

October... 

...do 

...do 

...do 

Gray  sod 

white. 

Male. 

58 
50 

10  minutes 

15  minutes 

do 

Hdays 

3  hours  30  minutes. . 

56 

Ihour 

Do. 

SERIES  D. 


67 

330 
340 
305 

a240 
.235 
.250 

5  minutes 

30  minutes 

Oata 

do 

do. 

October... 

...do 

...do 

Male. 

63 

Survived 

4  hours  40  minutes... 

Do 

64 

25  minutes 

Fernak. 

Table  8. — Caffein  by  mouth;  guinea  pigs, 

SERIES  J. 


Num- 

CafTein 

ber  of 

Weight. 

per 

pig. 

kilo. 

Oramt, 

Oram, 

129 

855 

0.280 

130 

800 

.300 

131 

860 

.280 

135 

955 

.150 

134 

740 

.160 

1137 

925 

.150 

1136 

1.000 

.150 

126 

080 

.200 

127 

760 

.200 

128 

1.075 

.200 

Appearance  of 
symptoms. 


Duration  of  life. 


Diet. 


Month. 


40  minutes. 

30  minutes 

20  minutes 

1  hour  60  minutes 

3  hours 

50  minutes 

....do 

20  minutes 

1  hour 

3  hours 


Less  than  8  hours. . 
Less  than  18  hours. 
do 

6  days 

4days 

6da3rs 

Survived 

27  hours 

28  hours 

7  hours 


Hay  and  oats 

do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 


June 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 


Male. 

Do. 
Do. 
Do- 
Do. 
Do. 
Do- 
Do. 
Do. 
Do. 


>  Subcutaneous  injection  for  comparison. 


SUMMART. 


A  survey  of  the  results  obtained  in  experiments  on  guinea  pigs  shows  that  the  mode 
of  introduction  of  caffein  exerts  but  little  influence  on  its  toxicity.  On  careful  analy- 
sis it  will  be  observed  that  the  rate  of  absorption  after  the  administration  of  caffein  by 
mouth,  subcutaneously,  or  intraperitoneally  is  about  the  same  for  the  time  of  appear- 
ance of  symptoms.  The  persistence  of  the  symptoms  of  caffein  intoxication  obeerved 
in  these  experiments  for  24  hours  after  administration  points  to  slow  elimination, 
which  may  be  expected,  owing  to  the  &ct  that  the  guinea  pigs  passed  but  little  urine 
and  caffein  is  not  diuretic  for  these  animals.  The  prolonged  presence  of  caffein 
in  the  body  probably  exerts  a  harmful  influence  or  after  effect,  which  may  accouiU 
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lor  the  delayed  death  of  some  animals  many  days  after  a  single  dose  of  caffein  was  given, 
^mong  the  factors  which  undoubtedly  influence  toxicity,  season  should  be  considered, 
'while  the  presence  of  a  diseased  condition  undoubtedly  tends  to  decrease  the  resist- 
cince  of  the  guinea  pig  to  caffein.  Diet  was  without  any  influence  on  the  toxicity  of 
the  single  dose  of  otffein. 

BZFEBIMENTS  ON  CATS. 

These  experiments  were  performed  on  well-fed  animals  which  were  kept  under 
observation  for  several  days  before  the  tests  with  caffein  were  made.  The  diet  con- 
sisted of  meat  exclusively.  In  some  cases  the  urine  was  examined  for  albumin  and 
sugar  before  caffein  was  given.  No  tests  with  caffein  were  made  if  large  amounts  of 
albumin  were  found.  It  may  be  remarked  that  sugar  was  never  found  in  cats  before 
the  administration. of  caffein,  but  that  considerable  amounts  of  it  were  found  in  some 
cases  after  it  was  given.  Studies  by  various  modes  of  administration  were  made,  by 
subcutaneous  injection,  intraperitoneally,  or  by  mouth.  Attention  was  also  directed 
to  the  resistance  to  caffein  in  young  cats,  several  experiments  on  kittens  being  made 
-with  this  object  in  view. 

STTBCUTANBOUS  INJIBCTION. 

Host  stated  that  caffein  is  eliminated  in  the  urine  unchanged  after  its  introduction 
into  the  body  and  that  the  amounts  found  varied  with  different  species  of  animals. 
In  the  rabbit  the  amount  eliminated  was  about  21  per  cent;  in  the  dog  about  8  per  cent; 
and  in  the  cat  somewhat  less  than  2.5  per  cent.  It  would  appear,  therefore,  that  the 
cat  decomposes  caffein  more  readily  than  the  rabbit  or  dog;  its  resistance  consequently 
ought  to  be  greater  than  that  of  the  other  animals .  Moderately  laige  doses  were  accord- 
ingly employed  in  the  preliminary  experiments  (series  A),  but  the  results  obtained,  as 
shown  in  the  protocols,  indicated  that  caffein  is  fully  as  toxic  for  the  cat  as  for  the 
rabbit  or  dog.  The  doses  were  then  decreased  and  experiments  were  performed  in 
order  to  ascertain  the  smallest  toxic  as  well  as  the  smallest  fatal  dose. 

Series  A 

Three  decigrams  of  caffein  per  kilo  were  administered  in  these  experiments.  The 
results  are  shown  in  the  following  protocols: 

Cat  4-    Black  and  white.     Weight,  1,440  grams. 

May  26:  10.05  a.  m.,  22  cc  2  -oet  cent  caffein  (0.3  giam  per  kilo^  injected  subcuta- 
neously;  11.10  a.  m.,  copious  salivation,  cat  irritable,  muscular  stiffness  present,  but 
no  tetanus;  11.45  a.  m.,  cat  restless,  convulsions,  attacks  of  short  duration,  no  paralysis 
observed  after  the  convulsions,  pupils  dilated;  4.45  p.  m.,  cat  quiet,  sli^t  paralysis 
present. 

May  27:  Cat  exhausted. 

May  28:  Found  dead. 
CkU  5.    Black  and  white  male.    Weight,  1,S96  ^am$,  , 

June  3:  10  a.  m..  21  cc  of  2  per  cent  caffein  (0.3  gram  per  kilo)  injected  subcuta- 
neoufily;  12  noon,  found  dead. 

Although  there  was  considerable  difference  in  the  duration  of  life  following  the 
injection  of  the  same  dose  of  caffein  per  kilo,  the  final  outcome  was  the  same,  as  both 
cats  died  from  the  effects  of  the  drug.  One  died  within  2  houts  and  the  other  lived 
more  than  30  hours  after  its  administration.  Three  decigrams  of  caffein  per  kilo  is, 
therefore,  surely  fatal  to  these  animals.  Tests  made  with  smaller  doses  are  shown  in 
the  following  experiments: 

Series  B. 

In  these  experiments  the  doses  employed  ranged  between  0.20  and  0.25  gram  caffein 
per  kilo. 
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Cat  S.    Black  and  white  female.     Weight ,  2,854  grame.     Weltfed, 

June  4:  10.30  a.  m.,  35  cc  2  per  cent  cs^ein  (0.25  gram  per  kilo)  injected  subcuta- 
neouBly;  11  a.  m.,  found  dead. 
Cat  6.    Black  and  white,     Weiaht,  1,646  grams, 

June  3:  20  cc  2  per  cent  canein  (0.243  gram  per  kilo)  injected  subcutaneously  at  3 
p.  m.,  cat  grew  very  irritable  in  a  few  minutes;  about  4.  p.  m.  reflexes  decidedly 
increased;  5  p.  m.,  cat  paralyzed. 

June  4:  Cat  found  dead. 
Cat  8.     Weight,  1,7S5  grams. 

October  7:   4  p.  m.,  22  cc  2  per  cent  caffein  (0.26  jpram  per  kilo)  injected  subcota- 
neoufidy  in  tbe  back;  4.30  p.  m.,  cat  irritable,  ssdivation  profuse,  convulsions;  died  at 
5.30  p.  m. ;  no  urine  passed  after  caftein  was  given. 
Cat  9.     Weight,  1,960  grams. 

October  7:  3.45  p.  m.,  25  cc  2  per  cent  caffein  ^0.25  gram  per  kilo)  injected  subcuta- 
neously in  the  back;  4.45  p.  m.,  cat  very  irritaDle,  repeated  attacks  of  convulsions, 
salivation  copious;  died  at  5.30  p.  m.;  cat  did  not  urinate  after  injection  of  ca£fein. 
Cat  12.    Striped  kitten.     Weight,  1,185  grams. 

October  9:  Urine  examined,  no  albumin,  no  sugar;  1.45  p.  m.,  12  cc  2  per  cent 
caffein  administered;  5  p.  m.,  cat  alive,  no  symptoms  except  salivation  and  general 
irritability. 

October  10:  10.30  a.  m.,  found  dead.  About  15  cc  urine  collected,  but  no  examina- 
tion made. 

Cat  14,    Black,    Weight,  1,855  gnrnis. 

October  8:  1.40  p.  m.,  18.5  cc  2  per  cent  caffein  (0.2  gram  per  kilo);  3  p.  m.,  cat 
became  restless  about  10  minutes  after  caffein  was  injected;  cried  persistently  and 
moved  about  in  cage,  no  convulsions,  cat  urinated  about  15  cc,  cat  defecated . 

October  9:  9  a.  m.,  cat  found  dead  in  cage.  Urine  gave  very  heavy  reduction  of 
Fehling's  solution  ^much  more  than  was  obtained  from  urine  <A  rabbits);  20  cc  urine 
analyzed  containea  4.65  per  cent  sugar.  AtUopsy:  Lungs  deeply  congested;  liver 
marked  fatty  infiltration  and  degeneration;  spleen  normal;  kidneys  pale  and  anemic; 
intestines  normal;  stomach  normal. 
Cat  15.    Striped.     Weight,  2,145  grams. 

October  8:  2  p.  m.,  22  cc  (0.2  gram  per  kilo)  2  per  cent  caffein  injected  subcatane- 
ously;  2.30  p.  m.,  cat  irritable,  restless,  trying  to  get  out  of  cage,  crying  persbtently; 
2.40,  convulsions  lasting  about  two  minutes,  then  cat  raised  itself  and  made  attempts 
to  get  out  of  cage,  no  salivation,  cat  urinated  about  10  cc  and  defecated. 

October  9:9  a.  m.,  cat  found  dead  in  cage,  about  10  cc  of  urine  contained  enormous 

Quantities  of  sugar.    Autopsy:  Lungs  severely  congested;  liver  showed  marked  i&tty 
generation;  spleen  normial;  kidneys  slightly  pale  and  anemic;  intestines  mildly  con- 
gested; stomach  normal. 
Cat  19,    White,    Weight,  1,100  grams. 

October  20:  13  cc  of  2  per  cent  caffein  (0.236  gram  per  kilo).  About  15  minnteB 
later  cat  became  irritable,  reflexes  increased,  persistent  crjdng,  stiffness  of  extiemitieeL 
diarrhea  present;  4.30  p.  m.,  sti^ess  of  muscles,  coordination  much  disturbed,  walked 
with  great  diflBculty ;  4.30  p.  m.,  no  new  symptoms,  persistent  crying  continued. 

October  21:  Found  dead. 
Cat  20.   White  hitten.     Weight,  790  gramas. 

October  20:  11.35  a.  m.,  10  cc  2  per  cent  caffein  (0.25  gram  per  kilo)  fiiven  sobcn- 
taneously;  12  noon,  convulsions  followed  by  paralysis;  1.30  p.  m.,  still  breathing, 
apparently  in  comatose  condition,  lay  on  its  side,  djrspnoea,  pronMPB salivation;  4  p.  m., 
convulsions  and  death. 

The  results  of  the  experiments  of  series  B  show  that  a  dose  of  even  0.2  caffein  per  kilo 
is  very  toxic  for  the  cat.  Symptoms  appeared  in  one  animal  40  minutes  after  the  injec- 
tion of  caffein.  Some  of  them  were  found  dead  18  hours  after  injection,  which  means  that 
the  duration  of  life  was  probably  a  great  deal  less  since  there  was  evidence  that  tfaey 
had  been  dead  for  some  time.  Death  occurred  quite  soon  after  larger  doees  w«e 
injected.  Cat  No.  3  died  30  minutes  after  it  received  caffein.  The  amounts  employed 
in  these  experiments  can  not  be  considered  therefore  as  the  minimum  fatal  doees. 
Smaller  doses  were  then  tried,  as  shown  in  the  experiments  of  the  next  series. 


Digitized  by 


Google 


ACUTE  INTOXICATION — CATS.  55 

Series  C. 

Experiments  were  performed  on  five  cats  which  received  from  140  to  155  mg  per  kilo, 
as  follows: 

Cat  24.    Striped.     Weight,  1,300  grams. 

October  25:  10  a.  m.,  50  cc  urine,  albumin  moderate  amount — ^no  sugar;  10  cc  caffein 
injected  subcutaneously  at  12  noon;  12.30,  irritable,  cried  persistently,  no  appetite; 
4  p.  m.,  no  convulsions,  but  persistent  crying. 

October  27:  Cat  was  still  ahve. 
Cat  17.     Weight,  2,620  grams. 

October  12:  9.30  a.  m.,  65  cc  urine  collected;  more  than  a  trace  of  albumin  present, 
no  reduction  of  Fehling*s  solution;  3  p.  m.,  20  cc  2  per  cent  caffein  (150  mg  per  kilo) 
injected  subcutaneously;  3.15  p.  m.»  irritable  and  restless. 

October  13:  9  a.  m.,  about  15  cc  urine  collected,  reduction  of  Fehling's  solution 
marked;  osazone  test  also  positive. 
Cat  2S.    Black  and  white.     Weight,  1,645  arams. 

October  25:  10  a.  m.,  140  cc  luine  collected  (since  October  23),  small  amount  of 
albumin  present,  no  sugar. 

October  27:  9  a.  m.,  no  albumin;  no  sugar  in  urine;  11.50  a.  m.,  12.5  cc  caffein  injected 
subcutaneously  (0.15  gram  per  kilo);  1  p.  m.,  convulsions  and  death. 
Cat  7.    Striped  kitten.     Weight,  1,285  grams. 

October  11:  Urine  collected,  no  albumin,  no  sugar;  9.50  a.  m.,  10  cc  2  per  cent  caf- 
fein injected  subcutaneously  in  the  back;  10.10,  violent  convulsions  lasting  about  30 
seconds;  10.20,  convulsions  of  shorter  duration;  10.30  convulsions;  10.35,  convulsions 
lasting  a  few  seconds;  urine  passed  about  10.20,  contained  a  moderate  amoimt  of  albu- 
min, out  there  was  no  reduction  of  Fehling's  solution;  10.45,  profuse  salivation  and 
paralysis;  died  about  10.50. 
Cat  S9.     Yellow.     Weight,  2,285  grams. 

April  13:  2.40  p.  m.,  16  cc  2  per  cent  caffein  (0.14  gram  per  kilo)  injected  subcu- 
taneously in  the  back;  3.45  p.  m.,  cat  died. 

Of  the  five  experiments  of  this  series  three  died  after  doses  of  140,  150,  and  155  mg 
per  kilo.  The  other  two  showed  sjrmptoms  of  toxicity,  but  survived  a  dose  of  150  mg 
per  kilo  which  indicated  that  the  minimum  fatal  dose  was  probably  reached.  To  test 
this  supposition  smaller  doses  were  administered,  as  shown  in  the  following  experi- 
ments. 

Series  D. 

Ten  cats  were  used  for  this  series  of  experiments,  and  the  doses  administered  varied 
between  103  and  139  mg  per  kilo.  The  results  shown  in  the  appended  table  (p.  — )  in- 
dicate that  about  120  to  140  mgof  caffein  per  kilo  may  induce  mild  s3anptoms  in  some 
cases.  The  conclusion  may  be  safely  drawn  therefore  that  150  mg  per  kilo  is  approxi- 
mately the  minimum  fatal  dose  for  the  cat  when  the  drug  is  given  subcutaneously. 
That  smaller  doses  are,  however,  by  no  means  to  be  regarded  as  always  safe  is  shown  in. 
the  following  experiments. 

Series  £. 

Cat  4S.     Weight,  S,225  grams,  a 

September  14: 10.20  a.  m.,  20  cc  2  per  cent  caffein  (0.124 gram  per  kilo)  injected  into 
the  back;  11  a.  m.,  tetanus  and  death.    Autopsy:  Lungs  congested;  liver  counted 
and  diowed  hemon^agic  spots  in  capsules  and  fatty  degeneration;  kidneys  slightly 
congested;  other  oigans  normal. 
Cat  4S.    Black  female.     Weight,  3,050  pwns. 

September  14: 18  cc  2  per  cent  caffein  (0.118  gram  per  kilo)  injected  subcutaneously 
in  the  back^  10.30  a.m.,  violent  convulsions  and  deatii .  Autopsy:  Lungs  congested  in 
spots  showing  numerous  petechia;  liver  congested;  spleen  congested;  other  oigans 
normal. 

The  diminished  resistance  to  caffein  of  cats  Nos.  43  and  48  might  be  due  to  the 
pathologic  changes  found  on  autopsy,  for  evidence  is  not  wanting  that  the  toxicity 

oOat  probably  old;  had  been  In  the  laboratory  for  aevenl  weeks  before  the  experiment.  Qalned  In 
weight  1 75  grams. 
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of  drugs  mi^t  be  greatly  altered  under  pathological  conditionB.  Hunt*  has  Aon 
that  resistance  to  acetonitril  is  considerably  diminidied  in  chrcmic  alcoholism.  Tbe 
seems  to  be  true  also  of  other  drugs  under  abnormal  omditUNis.  Smaller  doees  of 
atropin^^  are  required  in  lead  poisoning  than  undw  normal  conditioais  to  prodon 
the  same  results.  The  following  experiment  is  of  interest  in  this  connecti(m,  for  h 
this  case  a  much  smaller  dose  than  was  given  in  experiments  Nos.  43  and  48  produced 
the  typical  symptoms  of  caffein  poiscming  and  luroved  to  be  fataL 

Cat  47,  black  and  wkiU  male.     Weight,  4,ttO  arams. 

September  15:  Received  subcutaneously  18  cc  2  pa  cent  ca£fein  (0.084  giam  ye 
kilo) ;  no  symptoms  obBa-ved  for  about  six  hours. 

September  16:  No  symptoms. 

September  17:  Weight,  4,250  grams;  injected  18  cc  2  par  cent  caffmn  (0.084  gnm 
per  xilo);  tetanus  ana  death  after  two  hours.  Autopiy:  Severe  hemonhagic  poeo- 
monia;  kidneys  pale,  other  oigans  normal. 

Since  two  controls  survived  the  same  dose  in  proportion  to  the  body  weight  of  the 
animal  without  showing  any  symptoms,  the  assumption  is  justified  that  the  lower 
resistance  to  ca£fein  was  due  to  the  presence  of  pneumonia,  thus  affording  additiooal 
support  to  the  view  that  the  toxicity  of  ca£fein  may  be  increased  in  disease. 

iKJiKrrioic  nrro  thb  pbrttonbajl  cATinr. 

These  experiments  were  earned  out  on  full-grown  and  on  young  subjects.  As  in 
previous  experiments,  doses  of  different  sizes  were  employed.  A  dose  of  0.2  gna 
per  kilo  was  tried  first  and  then  reduced  gradually  to  0.1  gram  per  kilo. 

Cat  10,    Female,    Weight,  t, 970  graam, 

October  9,  1909:  1.30  p.  m.,  SO  cc  2  i>er  cent  caffein  (0.2  gram  per  kilo)  injected 
into  the  peritoneal  cavity;  urine  examined  for  albumin  and  sugar,  negative;  c& 
found  dead  at  2.30  p.  m.    No  urine  in  the  bladder. 
Cat  16,    Black femaU.     Weight,  t,4tO  grams, 

October  9, 1910:  Urine  examined  for  albumin  and  sugar,  negative;  2.30  p.  m.,  ^cc 
2  per  cent  caffein  (0.183  gram  per  kilo)  injected  into  the  peritoneal  cavity;  foond 
dead  at  3  p.  m. 
Cat  99,     Well-fed  grau  female.     Weight,  3  kilos. 

June  22,  1911:  3.40  p.  m.,  15  cc  2  per  cent  caffein  injected  into  peritoneal  cavity; 
salivation  and  markea  irritability  within  one  hour  after  injection. 

June  24:  Alive,  appetite  good. 
Cat  98,     Well-fed  black  male.     Weight,  4,100  grams, 

June  22:  3.45  p.  m.,  20.5  cc  2  per  cent  caffein  (0.1  gram  per  kilo)  injected  into 
peritoneal  cavity;  very  irritable  a  few  minutes  after  injection,  no  other  symptoms. 

June  24:  No  symptoms,  appetite  good. 
Cat  93.    Black  and  whiU,     Weight,  1,450  grams. 

June  22:  3  p.  m.,  30  cc  2  per  cent  caffein  (0.137  gram  per  kilo)  injected  into  peri- 
toneal cavity;  salivation,  no  other  symptoms;  imder  observation  until  6  p.  m. 

June  23:  9  a.  m.,  no  urine,  cat  showed  no  svmptoms. 

June  24:  9  a.  m.,  no  symptoms,  took  nourishment  as  usual. 
Cat  87.     Well-fed  white  female.     Weight,  £,615  grams. 

Jime  23:  2.45  p.  m.,  19  cc  2  per  cent  caffein  (0.145  gram  per  kilo)  injected  into  peri- 
toneal cavitv;  became  irritable  and  restless. 

June  24:  9  a.  m.,  no  symptoms,  took  nourishment  as  usual. 
Cat  97.    Gray.    Age,  3  months.     Weight,  500  grams.    Diet,  meat. 

June  24:  2.25  p.  m.,  5  cc  2  per  cent  caffein  (0.2  gram  per  kilo)  injected  into  peri- 
toneal cavity:  4  p.  m.,  no  symptoms. 

June  29:  Died. 
Cat  96.    Gray  and  white.    Age,  3  months.     Weight,  576  grams.    Diet.  meat. 

June  24:  2.20  p.  m.,  4  cc  2  per  cent  caffein  (0.139  gram  per  kilo)  injected  into  peri- 
toneal cavity:  3.55  p.  m.,  no  symptoms. 

June  30:  Died. 
Cat  95.    Black.    Age,  abotU  3  months.    Weight,  860  grams.    Diet,  meat. 

Jime  24:  10.15  a.  m.,  8.6  cc  2  per  cent  caffein  injected  into  peritoneal  cavity,  ^ 
vation  immediately  after  injection;  10.25,  convulsions  and  paralysis;  died  10.45  a.  ^ 
Autopsy:  Macroscopical  examination  of  the  oigans,  negative. 
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Cat  94.    Black  and  white.     Weighty  790  grama.    Age,  about  S  months.    Diet,  meat, 

June  24:  10  a.  m.,  8  cc  2  per  cent  caffein  injected  into  peritoneal  cavity;  4  p.  m.. 
under  continual  observation  since  injection,  cat  very  imtaole,  respiration  more  rapid 
than  normal,  diarrhea  present. 

Examination  of  the  above  protocols  show  that  a  dose  of  2  decigrams  per  kilo  was 
fatal  within  one  hour  to  one  cat  and  that  a  somewhat  smaller  dose  killed  another 
individual  in  30  minutes.  Amounts  under  0.15  gram  per  kilo  were  just  sufficient  to 
induce  mild  syinptomis,  such  as  increased  imtabiiity  and  salivation,  which  disap- 
peared within  a  few  hours.  In  no  case  were  the  effects  noticeable  on  the  following 
day.  The  experiments  on  young  kittens  are  especially  interesting,  as  they  proved, 
contrary  to  expectation,  to  be  distinctly  more  resistant  than  full  grown  individuals. 
The  death  of  Nos.  97  and  96  within  five  and  six  days,  respectively,  can  not  be  ascribed 
to  caffein,  since  some  of  the  controls  also  died,  tdoreover,  it  will  be  remarked  in 
this  connection  that  no  symptoms  appeared  in  three  of  the  four  yoimg  kittens  after 
the  administration  of  a  dose  which  was  rapidly  fatal  to  adult  cats.  The  rapid  death 
of  No.  95  after  the  same  dose  forms  an  exception  which  can  not  be  accoimted  for,  as 
macroBCopical  examination  at  autopsy  proved  n^;ative. 

ADMnnSTRATIOIC  BT  MOUTH. 

Two  decigrams  per  kilo  were  given  at  first,  but  it  was  foimd  that  this  amount  was 
surely  &tal.  The  dose  was  therefore  reduced  to  0.125  gram  per  kilo.  In  all  of  these 
experiments  caffein  was  given  by  means  of  a  soft  rubber  catheter  slipped  over  the 
stem  of  a  funnel  which  served  as  a  stomach  tube.  A  2  per  cent  aqueous  solution  was 
used  throughout  these  tests  except  in  one  case  in  which  caffein  was  given  mixed 
with  the  food. 

Cat  92.    Black  and  white  female.    Weight,  1,750  grams. 

June  10;  12.05  p.  m.,  14  cc  2  per  cent  caffein  (0.16  gram  per  kilo)  given  by  mouth; 
cat  was  quiet  when  tied  on  holder,  struegled  only  a  little  when  tube  was  put  into 
stomach;  12.30  p.  m.,  cat  vomited,  no  other  symptoms. 

June  13:  Conoition  good,  appetite  good. 
Cat  87.    White  female.    Weight,  2,620  grams.    Diet,  meat. 

June  5:  2.15  p.  m.,  20  cc  2  per  cent  caffein  (0.15  gram  per  kilo)  solution  admin- 
istered by  mouth  through  stomach  tube;  2.30  p.  m.,  cat  irritable,  but  no  other  symp- 
toms; 5  p.  m.,  condition  about  the  same,  except  that  it  was  more  irritable  and  showed 
some  stiffness  of  the  extremities. 

Jime  13:  Alive  and  in  good  condition,  appetite  good,  not  irritable. 
Cat  91.     WhiU  female.     Weight,  8,050  arams. 

June  10 :  12  noon,  23  cc  (0. 15  gram  per  kilo)  of  2  per  cent  caffein  administered  by  mouth, 
cat  struggled  violently;  1.30,  salivation;  1.40  p.  m.,  convulsions;  died  at  2  p.  m. 
Autopsy:  Congestion  of  lungs,  liver,  and  spleen;  heart  vessels  injected;  other  organs 
normal. 
Cat  88.    Black  and  white  female.     Weight,  3,260  grams.    Diet,  meat. 

June  5:  2.20  p.  m..  25  cc  of  2  per^cent  caffein  (0.15  gram  per  kilo)  given  by  mouth; 
2.45  p.  m.,  cat  irritable,  no  other  symptoms  (cat  did  not  vomit  after  the  administration 
of  caffein);  4  p.  m.,  cat  found  dead.    Autopsy:  Liver  very  much  congested;  heart 
contracted;  body  was  still  warm  at  the  time  of  autopsy. 
Cat  90.    White  and  yellow  female.     Weight,  2,685  grams.    Diet,  meat. 

June  5:  3.15  p.  m.,  27  cc  of  2  per  cent  caffein  (0.2  eram  per  kilo)  given  by  mouth 
through  stomach  tube,  about  half  an  hour  later  cat  oecame  irritable  and  began  to 
salivate;  at  4.30  p.  m.  salivation  became  more  marked,  dyspnoea  was  well  developed, 
and  the  cat  was  quite  restless  and  had  tremors;  5  p.  m.,  short  spasms  of  posterior 
extremities^  but  lay  quietly  in  the  cage  most  of  the  tune;  5.20  p.  m.,  convtilsions  of 
short  duration  and  death,  muscidar  relaxation  followed  immediately  after  convulsions, 
no  vomitinjg,  diarrhea  observed  after  administration  of  caffein,  and  cat  passed  about 
10  cc  of  unne. 

June  6:  9  a.  m.,  found  dead. 
Cat  89.    White  and  black  female.     Weight,  2,860  grams.    Diet,  meat. 

June  5:  3.15  p.  m.,  28.6  cc  (0.2  gram  per  kilo)  of  2  per  cent  caffein  given  bv  mouth 
through  stoma(3i  tube,  no  vomiting  observed,  nor  any  other  symptoms;  3.30,  found 
dead.    Autopsy:  Oxgans  normal;  liver  congested. 
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Cat  82.    OrtttffemaU.    Man^S^wti^t,4S0grfm»:  June6,wei{^gJ50ffntms.    Diet^ 
150  gnmM  of  meat  daihf, 

June  7 :  Given  0.4125  gram  of  ca£fein  in  150  gruns  of  meat,  did  not  eat. 

June  8:  Given  0.4125  gram  of  cafTein  in  150  grains  of  meat,  refueed  to  eat. 

June  9:  Given  150  ^Tsums  of  meat  without  canein,  ate  all  of  it. 

June  10:  No  food  g[iven. 

June  11:  No  food  given. 

June  12:  Given  0.4125  gram  ca£fein  in  150  grams  of  meat  (150  rag  per  kilo),  ate  all 
of  it. 

June  13:  Found  dead.    AtUop$y:  Lungs  congested,  liver  congested;  other  ocgans 
apparently  normal. 
Cat  100.    GrayfemaU.     Weight,  2,740  grams.    Diet,  meat, 

July  17:  3  p.  m.,  17  cc  of  2  per  cent  caffein  (124  mg  per  kilo)  given  by  mouth  tlirough 
stomach  tube  at  3.20  p.  m. ;  5  p.  m.,  very  irritable,  but  no  other  symptoms. 

July  18:  Under  observation  all  day,  no  symptoms. 
Cat  93.    Black  and  wkiU  female.     Weight,  1,640  aramt. 

July  17:  3.30  p.  m.,  10  cc  (0.125  gram  per  kilo)  of  2  per  cent  caffein  given  by  mooth 
through  stomach  tube. 

July  18:  Under  observation  all  day,  no  symptoms. 

From  the  results  of  the  experiments  of  this  series  it  appears  that  0.15  gram  c&ffeiii 
per  kilo  may  be  fatal  within  a  few  hours  after  its  administration,  even  if  the  drug  is 
mixed  with  a  moderate  amount  of  meat.  Experiments  87  and  92  show,  however,  that 
this  amount  may  be  borne  by  some  indi\aduals  without  any  serious  consequences,  as 
the  cats  were  under  observation  for  some  time  after  they  received  caffein,  and  no 
untoward  symptoms  were  noticed  in  either  of  them  during  this  time.  It  may  be 
remarked  that  cat  No.  92  vomited  shortly  after  it  received  caffein.  It  is  practicany 
certain,  therefore,  that  this  amount  of  caffein  in  proportion  to  the  weight  of  the  ft^nrnml 
will  in  the  great  majority  of  cases  prove  fetal,  and  peiiiaps  in  a  smaller  pe^rcentage  of 
individuals  it  la  surely  toxic  if  it  does  not  escape  absorption.  Smaller  doses  may 
cause  irritability  in  some  individuals,  but  symptoms  referable  to  nervous  symptoms 
of  muscles  were  absent,  as  in  experiments  Nos.  93  and  100.  The  minimum  fatal  doee 
of  caffein  for  the  cat  when  given  by  mouth  is,  therefore,  0.15  gram  p&r  kilo. 

Table  9. — Subcutaneoiu  injection;  eats. 
SERIES  A. 


Num- 
ber. 

Weight. 

Calfetn 
perkUo. 

Symptoms. 

Duration  of  lite. 

4 

OratM. 
1,440 
1,396 

Oram. 
0.30 
.30 

66  minates 

Over  20  hours. 

5 

AlxHit  2  hours. 

SERIES  B. 

Few  minutes 

80  minutes 

Ihour 

3  hours 

Ihour  20 minutes. 

40  minutes 

16  minutes 

SERIES  C. 

Ihour 

15  m  inutes 

20  minutes 


^ 

2,854 
1,645 

0.26 

6 

.243 

8 

1,735 

.25 

9 

1,960 

.26 

12 

1,185 

.20 

14 

1,865 

.20 

15 

2,145 

.20 

19 

1,100 

.236 

?0 

790 

.26 

aominates. 

1  hour  30  minutes. 

1  hour. 

1  hoar  45  minutes. 

Less  than  IS  hours. 

00. 

Do. 
Do. 
4hoiirs  aomtmites. 


24 

1,300 

0.153 

17 

2,620 

.15 

23 

1,645 

.15 

7 

1,285 

.165 

^ 

2,285 

.14 

Survived. 

Do. 
Ihour  lOminntBB. 
1  hour. 
65  minutes. 
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Tablb  9. — SubcuiOTiefms  injection;  ca/«— Continued. 
SERIES  D. 


Nam. 
ber- 

Welfl^t. 

Cafldn 
per  kilo. 

• 
Symptoms. 

Duration  of  life. 

13 

Ofttms, 

730 
1,165 

965 
1,605 
1,025 
2,385 
2,710 
1.785 
2,315 
2,325 

Onm, 
0.139 
.138 
.108 
.125 
.125 
.128 
.120 
.123 
.112 
.120 

Restlessness. ...... 

21 

None 

25 

26 

do 

do 

27 
28 
40 
41 
42 
38 

do 

do 

do 

do 

do 

Mild 

Received  2  doses;  survived. 

Do. 

Do. 

Do. 
Died  after  second  dose. 

SERIES  E.i 


43 

3,225 
3,050 
4.220 
4,250 

ai24 
.118 
.084 
.064 

40  minutes. 

48 

Died  soon  after. 

47 

Survived. 

«47 

2  hours. 

1  Pathological  conditions.  *  Two  days  after  first  injection. 

Table  10. — Injections  into  peritoneal  cavity;  cats. 


Num- 
ber. 

Weight. 

Caffeln 
per  kilo. 

Symptoms. 

Duration  of  life. 

99 

Oroms. 

3,000 

4,100 

1,460 

2,615 

605 

676 

860 

790 

2,970 

2,420 

Cfmm, 
0.100 
.100 
.137 
.145 
.200 

.   .139 
.200 
.200 
.200 
.183 

Mild 

Survived. 

98 
93 

do.i 

Very  mild 

Do. 
Do. 

87 
97 

do 

None 

Do. 
5  days. 

96 
95 

do 

15  minutes 

6  days. 
30  minutes. 

94 

Diarrhea 

Survived, 

la 

Ihour. 

16 

30minutM. 

1  In  few  minutes. 
Table  11. — Administration  of  caff dn  i 


f  mouth;  cats. 


No. 


Weigtit. 


Caffebi 
per  kilo. 


Symptoms. 


Duration  of  life. 


91 
88 
92 

87 
90 
89 
83 
100 
93 


Qnnu. 
3,060 
3,260 
1,750 
2,620 
2,685 
2,860 
2,460 
2,740 
1,640 


(Tram. 
0.16 
.15 
.16 
.15 
.20 
.20 
.15 
.124 
.125 


1  hour  40  minutes 

23  minutes 

3  hours 

1  hour  15  mhiutes 

i  hour  40  minutes 


2  hours. 

1  hour  40  minutes. 

Survived. 

Do. 
Less  than  18  hours. 
75  minutes. 
Less  than  24  hours. 
Survived. 

Do. 


SITMMART. 


The  toxicity  of  caffein  in  cats  is  shown  to  be  the  same  when  given  by  mouth  as 
when  injected  subcutaneously,  the  minimum  i&ta\  doses  in  both  cases  being  0.15 
gntm  per  kilo.  When  introduced  by  the  intraperitoneal  route,  caffein  is,  on  the 
contnuy,  distinctly  less  toxic.    After  the  administration  of  0.137  and  0.145  gram 
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caffein  per  kilo  (Nob.  93  and  87)  salivation  in  one  cat  (No.  93)  and  iiritability  and 
muacular  etifiEness  in  the  other  were  the  only  effects  noticed.  These  83miptoni8  were 
no  longer  observed  the  next  day  and  the  cats  appeared  to  be  perfectly  normal.  Experi- 
ments with  larger  doses  indicate  that  the  minimum  f&tal  dose  by  this  method  d 
administration  is  about  0.2  gram  per  kilo. 

EZPEBIMBNTS  ON  DOaS. 

The  experiments  were  carried  out  on  well-fed  adult  dogs  and  on  puppies,  kept 
under  observation  for  some  time  before  the  drug  was  administered.  Only  those 
manifesting  no  signs  of  abnormahty  were  used  for  these  tests.  Caffein  was  given  by 
mouth  mixed  with  10  to  20  grams  of  meat,  or  subcutaneously  in  2  per  cent  aqueous 
solution.  The  young  animals  received  caffein  dissolved  in  milk.  The  detenninatioQ 
of  the  minimum  toxic  or  fatal  doses  when  the  drug  was  fed  presented  considerable 
difficulty,  as  in  many  instances  the  ingestion  of  the  drug  was  closely  followed  by 
vomiting. 

ADMINTSTRATION  BY  MOUTH. 

Series  A. 

The  effective  dose  in  these  experiments  showed  considerable  variati(xi.  One  dog 
(No.  38)  died  after  a  dose  of  0.12  gram  caffein  per  kilo,  while  some  subjects  survived 
doses  of  0.2  and  0.23  gram  per  kilo.  In  the  12  experiments  given  in  Table  12,  page  62. 
it  will  be  noticed  that  from  0.12  to  0.152  gram  per  kilo  proved  fatal  to  three  dqgp, 
while  three  others  survived  the  same  amounts  in  proportion  to  the  body  weight.  The 
results  were  the  same  with  larger  doses.  It  may  be  observed  in  this  connecticai  that 
in  the  case  of  the  five  dogs  in  which  vomiting  was  noticed  some  time  diuing  the  24 
hours  following  the  administration  of  caffein,  four  survived.  No.  38  being  the  exception. 
The  greater  toxicity  of  caffein  in  this  case  is  in  all  probability  due  to  some  morbid 
process,  the  presence  of  which  was  indicated  by  the  high  temperature  of  this  subject. 

That  vomiting  may  avert  a  fatal  issue  after  larger  doses  of  caffein  is  made  further 
probable  by  experiment  on  dog  No.  48,  for  which,  in  the  absence  of  vomiting,  a  doee  of 
0.2  gram  of  caffein  per  kilo  proved  f&taA.  On  this  supposition  the  discrepancy  in  the 
results  obtained  in  this  series  may  be  readily  explained.  The  smallest  doses  which 
proved  fatal  in  these  experiments  were  0.145  and  0.152  gram  per  kilo.  No.  38,  which 
died  from  a  dose  of  0.12  gram  per  kilo,  may  be  considered  as  an  exception,  as  this  subject 
was  not  normal.  Experiments  with  caffein  on  dogs  were  made  at  various  other  times 
in  this  laboratory  but  failed  to  show  that  smaller  doses  of  caffein,  even  when  vomitiiig 
did  not  occur  after  its  administration,  were  fatal,  although  toxic  effects  were  observed. 
The  conclusion  is  therefore  justified  that  the  minimum  isA&l  dose  of  caffein  for  the 
normal  dog  is  about  0.15  gram  per  kilo  when  given  by  mouth. 

SUBCUTANEOUS  XNTBCTION". 

Series  B. 

To  determine  the  toxicity  of  caffein  more  accurately,  especially  for  comparison 
with  animals  of  other  species,  the  subcutaneous  method  of  administration  was  also 
used.  The  injections  were  made  with  a  syringe  of  20  cc  capacity,  the  contents  <rf 
which  were  introduced  into  contiguous  areas.  The  results  of  experiments  on  six 
dogs  indicate  that  approximately  150  to  160  mg  per  kilo  is  the  minimum  fatal  dose, 
since  such  doses  proved  f&tal  to  two  out  of  the  three  animals  receiving  this  amount, 
while  three  others  which  received  doses  of  from  143  to  160  mg  per  kilo  survived. 
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HZ7BRIMENTS  ON  PUFPIBS. 

Sbries  C. 

In  these  experimente  the  reeiatance  of  young  growing  puppies  to  caffein  was  studied. 
Caffein  was  given  by  mouth  to  all  the  subjects  except  one,  to  which  it  was  administered 
Bubcutaneously.  The  protocols,  only  a  few  of  which  are  given,  and  the  tabulated 
data  of  the  experiments  (p.  62)  show  that  the  age  of  Uie  animal  has  a  decided 
influence  on  the  toxicity  of  caffein. 

Dog  11.     WeiqUy  1,260  grams. 

August  2:  At  10  a.  m.  given  12.5  cc  of  2  per  cent  of  caffein  through  stomach  tube; 
2  p.  m.,  had  convulsions,  diarrhea,  salivation,  and  stiffness  of  limbs. 

August  3:  Found  dead  9  a.  m.  Autopsy:  Thoracic  viscera  apparently  normal; 
stomach  immensely  distended  and  filled  with  a  white,  cheesy  mass  and  some  fluid; 
round  worms  plentiful  in  stomach  and  small  intestine;  mucosa  of  entire  intestine 
congested;  contents  of  lower  intestine  congested;  hver  pale;  spleen  flabby;  kidney 
congested. 
Dog  10,     Weighty  1,650  grams. 

July  26:  9.30  a.  m.,  29  cc  of  2  per  cent  caffein  added  to  60 cc  of  milk  offered,  but 
refused,  and  was  therefore  fed  by  mouth  through  stomach  tube;  10.25  a.  m.,  no 

rptoms;  11.30  a.  m.,  restlessness,  extremities  stiff,  post,  extremities  spread  apart, 
_  shows  well-marked  symptoms  of  caffein  poisoning;  12.10  p.  m.,  symptoms  more 
severe,  extremities  extended  and  spread  out,  is  lying  flat  on  belly  so  that  nose  touches 
floor  of  the  cage;  12.40  p.  m.,  found  dead;  was  alive  at  12.10  p.  m.  Autopsy:  Lungs 
showed  hemorrhagic  foci  in  all  lobes;  heart  apparently  normal;  liver  fatty;  stomacn 
and  intestines  filled  with  round  worms;  spleen  and  ladney  apparently  normal. 
Dog  9,     Weight,  3,000  grams. 

July  25:  350  mg  caffein  per  kHo;  5  p.  m.,  lying  down  most  of  the  time,  occasionally 
walks  about  in  stall;  restlessness  present,  but  not  marked;  5.30  p.  m.,  vomit  which 
looked  frothy  and  mucilaginous  noticed  on  the  floor  of  the  stall;  no  meat  particles 
noticed  in  vomit,  though  searched  for;  whines  occasicmally. 

July  26:  9  a.  m.,  looks  well;  no  signs  of  the  effect  of  caffein  given  the  day  previous. 
Dog  8.     Yellow  female.    Weight,  S,100  grams. 

jfuly  22 :  10.50  a.  m. ,  received  1.1  grams  of  caffein  in  10  grams  of  meat  (354  mg  caffein 
per  kilo);  3  p.  m.,  vomited  mucus;  gait  clumsy;  refused  to  eat;  continually  drinking 
water;  very  restless;  4  p.  m.,  convulsions  set  in  at  3.55  p.  m.:  tonic  rigidity  of  the 
posterior  extremities;  profuse  salivation;  convulsions  were  both  tonic  and  clonic  in 
character,  and  resembled  those  seen  in  rabbits  in  caffein  intoxication;  a  striking 
feature  was  the  duration  of  the  spasm,  which  began  at  3.55  p.  m.  and  kept  up  for  more 
ihsji  two  hours. 

July  23:  Found  dead  at  9  a.  m. 

The  data  recorded  in  the  table  and  in  the  protocols  of  the  experiments  of  series  C 
show  that  four  out  of  the  seven  animals  experimented  upon  died  in  less  than  24  hours 
after  caffein  was  fed;  three  of  these  received  300  to  354  mg  caffein  per  kilo,  and  one 
received  200  mg  caffein  per  kilo.  No.  8  vomited  four  hours  after  caffein  was  given. 
No  vomiting  was  observed  in  the  other  three  dogs.  From  0.300  to  0.350  gram  of 
caffein  per  kilo  may  be  regarded,  therefore,  as  surely  fatal  to  yoimg  growing  puppies. 
That  this  is  in  all  probability  the  minimum  lethal  dose  appears  from  the  following 
experiments:  No.  9,  which  received  350  mg  per  kilo,  vomited  one  hour  after  and 
survived,  which  indicates  that  some  of  it  was  probably  not  absorbed.  The  amount 
which  entered  the  circulation  was  therefore  less  than  350  mg  per  kilo.  Since  No.  15, 
which  received  250  mg  caffein  subcutaneously,  likewise  survived,  the  probabilities 
are  that  300  to  350  mg  per  kilo  were  the  minimum  fatal  doses  for  these  animals.  More- 
over, No.  12,  which  received  200  mg  caffein  per  kilo,  survived,  no  vomiting  having 
been  observed .  The  case  of  No.  11,  in  which  the  same  amount  of  caffein  in  proportion 
to  body  weight  proved  fatal,  may  be  explained  perhaps  by  the  findings  of  the  autopsy. 

The  results  obtained  in  these  experiments  justify  the  conclusion  that  young  growing 
dogs  can  stand  larger  doses  of  caffein  than  full-grown  and  older  dogs. 

Attention  may  also  be  called  here  to  the  difference  in  the  symptoms  produced  by 
caffein  in  very  young  and  in  adult  dogs.    It  was  often  noticed  in  these  experiments 
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that  the  symptoms  in  older  subjects  when  given  toxic  doses  of  cafFein  set  in  ntlier 
abruptly  and  ended  in  instantaneous  death.  We  failed  to  observe  this  phenomenoD 
after  the  administration  of  large  amoimts  of  caffein  to  very  young  dogs,  in  which  tonic 
and  clonic  convulsions  alternating  with  paresis  were  observed.  These  symptoms  set 
in  rather  gradually  and  lasted  several  hours  (see  experiment  No.  8),  resembliiig  the 
rabbit  in  this  regard. 

STTMMABT. 

The  toxicity  of  caffein  for  adult  dogs  is  about  the  same,  whether  given  by  mouth 
or  injected  subcutaneously.  The  resistance  of  puppies  to  caffein  is  much  greater  than 
that  of  adults. 

Table  12. — Adminiatration  by  mouth;  dogs.    (Series  A.) 


No. 

Weight. 

Caffein 
per  kilo. 

Results. 

Remarks. 

47 

Kilot. 
13.60 
12.75 

7.95 
13.60 

6.50 

23.10 

11.50 
12.00 

13.40 
13.15 
14.50 

10.30 

Qnm. 
0.144 
.200 
.200 
.147 
.230 

.120 

.174 
.200 

.200 
.152 
.120 

.145 

Survived 

Vomiting  observed. 

55 
56 
5? 

do 

Found  dead  next  day. . 
Survived 

StiUness^bf  muscles;  no  otiier  symptoms. 

57 
39 

48 
48 

54 

do 

do 

do 

Found  dead  next  day.. 

Survived 

Vomited  after  1  hour;  convulsions  after  1  hour  and  4S 
minutes. 

Increased  fluency  of  nspiration.  thinit,  loss  of  appe- 
tite, vomited  rest  of  day  when  he  drank  water,  sili- 

Vomiting  observed. 

No  vomiting  observed.   Seoomd  dose  was  given  &  days 

afterflrst. 
Vomiting  observed. 

104^  F.  l)efore  dtffein  was  given;  vomited  3  boon 
after  caffein  was  fed. 

40 
38 

18 

Found  dead  next  day. . 
do 

do 

Table  XZ.—SubcuUmeouM  injection:  doff9.     (Sena  B.) 


No. 

Weight. 

Caffein 
per  kilo. 

Results. 

Remarks. 

6? 

KUo$. 

9.30 
14.00 
12.00 
14.00 

7.20 

14.60 

Oram. 
0.161 
.160 
.160 
.150 
.160 

.143 

Survived 

Restlessness  and  vomiting  one-half  hour  after  injeetka. 
Symptoms  observed  in  1}  hours. 

61 A 

63 

Found  dead  next  day. . 
Survived 

64 
59 

61 

do 

Died  1  hour  and  20 
minutes  after  injec- 
tion. 

Survived 

Table  14. — Adminiatration  by  mouth  to  puppies.    (Series  C.) 


No. 

Weight 

Caffehi 
perkUo. 

Result 

Remarks. 

8 
9 

Kil08. 

3.10 

3.15 

1.60 
1.26 
1.28 
1.20 
3.50 

Oram. 
0.354 

.350 

.350 
.200 
.200 
.250 
.300 

Found  dead  next  day. 
Survived 

Vomited  in  4  hours  after  feeding;  restlessness,  loas  of 
appetite,  thiist,  InooordlDation  of  mmcloa,  ooBTiii- 
sfons. 

ICuscuiar  Inooordinatlon  and  stiffness,  nsttaHoni» 
vomited  1  hour  after  caffein  was  given. 

Comnilsion;  no  vomiting. 

Salivation;  convulsions. 

No  symptoms. 

Subcutaneous  injection. 

Convulsions  45  minutes  after  caffein  was  fed. 

10 
11 
1? 

Died  In  3  hours 

Found  dead  next  day . 
Survived 

15 
16 

do 

Dledinlhour 
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CHBOITIC  CAFFEDT  nTTOXICATIOlT.' 

The  object  of  this  study  was  to  ascertain  the  effect  of  repeated 
dosage  when  caffein  was  given  daily  or  at  longer  intervals.  The 
experiments  were  tried  on  rabbits  and  on  dogs.  As  in  the  experi- 
ments on  acute  intoxication,  the  animals  were  under  observation  for 
some  time  in  the  laboratory  before  the  administration  of  caffein 
was  b^un  in  order  to  ascertain  the  presence  or  absence  of  abnor- 
mality. The  relation  of  diet  to  toxicity  received  some  attention, 
but  the  question  was  not  studied  exhaustively  in  the  present  inves- 
tigation. 

EZPBBIHBNTS  ON  BABBITS. 

Full-grown  adult  as  well  as  young  rabbita  were  employed.  The  diet  consisted 
either  of  carrots  or  of  oats;  water  was  given  ad  libitum.  The  rabbits  were  kept  in 
metal  cages  in  a  well-lighted  and  well-ventilated  room.  Unnecessary  handling  or 
any  other  procedure  tending  to  fatigue  or  to  cause  discomfort  to  the  animals  was 
very  carefully  avoided,  since  we  had  found  that  such  treatment  was  likely  to  decrease 
the  resistance  of  the  rabbit  to  caffein.  The  caffein  was  administered  by  feeding  by 
mouth  and  through  a  stomach  tube,  or  by  the  subcutaneous  method.  In  a  good  many 
cases  it  was  given  daily,  in  some  at  l<Higer  intervals. 

Series  A. 

The  experiments  of  this  series  formed  a  preliminary  study  for  the  purpose  of  testing 
the  effect  of  moderate  doses.  One  decigram  of  caffein  per  kilo  was  given  daily  for 
several  days;  when  administered  at  longer  intervals  the  dose  was  increased  to  150  to 
200  mg  per  kilo.  It  was  found  that  the  smaller  doses  did  not  produce  any  symptoms; 
even  the  weights  of  the  animals  were  not  influenced.  Doses  of  medium  size  given  on 
two  successive  dajrs  were  likewise  without  any  noticeable  effect  (Nos.  182,  183,  123, 
101).  When  a  third  dose  of  this  size  was  given  within  48  or  24  hours  it  proved  fatal 
(Nos.  123, 182,  and  183).  Exceptionally,  however,  moderately  large  doses  (for  rabbits) 
may  be  given  for  three  consecutive  dajrs  without  fatal  issue,  as  in  rabbit  No.  101. 
When  given  at  intervals  of  two  to  three  dajrs,  larger  doses,  as  may  be  seen  from  the 
protocols,  can  be  administered  without  causing  acute  death  (Nos.  173,  181,  201). 

The  results  of  the  tests  of  this  series  point  to  the  absence  of  any  accumulation  and 
to  the  possible  elimination  of  moderate  doses  of  caffein  and  its  products  of  decom- 
position within  24  hours  or  thereabouts.  When  the  doses  are  larger  the  time  of  its 
elimination  is  apparently  longer,  as  shown  by  the  fact  that  repetitions  of  the  dose  the 
next  day  may  be  fatal,  but  when  a  longer  interval  is  allowed  it  may  be  given  without 
causing  death.  It  will  be  observed  that  only  one  rabbit  of  this  series  survived,  but 
it  was  extremely  emaciatod.  This  condition  has  been  observed  in  a  number  of  cases 
after  caffein  had  been  given  for  several  days.  Even  when  the  drug  was  withdrawn 
the  ftnimftla  continued  to  lose  weight.  This  may  be  explained  by  the  condition  of 
the  gastro-intestinal  canal  as  foimd  at  autopsy.  The  presence  of  inflammation  of  the 
mucous  membrane  of  the  stomach  and  intestines,  with  ulceration  of  the  mucous  mem- 
brane of  the  pylorus  in  one  of  the  rabbits  (No.  173)  of  the  series,  in  all  probability 
caused  diminution  or  loss  of  appetite,  which  of  itself  would  tend  to  cause  loss  of  flesh 
and  strength  and  finally  death.    Protocols  of  the  experiments  follow. 
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Rabbit  173.    Carroti  were  fed  from  October  1  to  18  and  oats  for  the  remainder  of  the  experi- 
Tnent. 


Date. 

Weight. 

Caffein 
perUio. 

Bate. 

Weight. 

Calleiii 
per  kilo. 

Oct.9 

Oranu. 
1,080 
1,905 
1,930 

Oram. 
0.141 
.190 
.207 

Oot.l6 

Grams. 
2,005 
1,845 
1,740 

Oram. 

0L230 

Oct.  11 

Oct.  18 

Oct.  13 

Oot.20 

.39 

October  21 :  PandysiB  of  posterior  extremitieB. 

October  22:  9  a.  m.,  found  dead. 

The  urine  was  examined  before  and  after  the  administration  of  caffein.  No  symp- 
toms were  observed  after  the  administration  of  caffein  (5  doses  in  11  days),  nor  was 
albumen  or  su^  foimd  in  the  urine  after  anv  of  the  experiments  on  this  rabbit. 
Autopsy:  Pyloric  mucosa  exhibited  several  ulcers:  small  intestines  showed  slight 
inflammation;  liver  deeply  congested;  kidneys  showed  marked  inflammation  of  cortex; 
other  organs  practically  normal. 

Rabbit  181.    Diet,  carrots  September  29-October  /7,  (hen  oats. 


Date. 

Weight. 

Caffein 
per  kilo. 

Date. 

Weight. 

Cafleiii 
per  kilo. 

Oct.  4 

OramM. 
1,425 
1,450 
1,270 
1,210 
1,375 
1,305 

Oram. 
0.105 
.100 
.100 
.100 
.130 
.163 

Oct.  11 

Oram*. 
1,370 
1,385 
1,345 
1,080 
1.380 
1,215 

Oram, 

0.175 

Oct.  5 

Oct.  13 

.180 

Oct.  6 

Oct.  16 .* 

.200 

Oct.  7 

Oct.  17 

Oct.  8 

Oct.  18 

Oct.  9 

Oct.  20 

Rabbit  was  markedly  emaciated  and  weak, 
urine  as  a  result  of  canein  feeding. 

Rabbit  182.    Diet  of  carrots  from  September  29, 
Received  caffein  subcutaneously  as  follows: 


No  albumen  or  sugar  found  in  the 


Date. 

Weight. 

Caffein 
per  kilo. 

Date. 

Weight. 

CalMD 
pcrkHoL 

Oct.4 

Oranu. 
1,765 
1,880 
1,760 

i,no 

Oram. 

0.100 

.100 

.100 

.100 

Oct.8 

Orams. 
1,685 

Gram. 
.135 

Oct.  5 

Oct.9 

.150 

Oct.  6 

Oct.  11 

1,606 

.174 

Oct.  7 

October  12:  11  a.  m.,  23  hours  after  caffein  was  given,  convulsions  with  recovery; 
rabbit  died  at  1.30  p.  m.  No  sugar  was  found  in  the  urine  at  any  time  after  the 
administration  of  caffein.    Albumen  was  present  only  in  one  specimen. 

Rabbit  183.    Diet  of  carrots  from  September  29. 
Received  caffein  subcutaneously  as  follows: 


Date. 

Weight. 

Caffein 
perkUo. 

Date. 

Weight. 

CaflUn 
perkflo. 

Oct.4 

Oramt. 
1,385 
1,460 
1,385 
1,240 

Oram. 

0.100 

.100 

.100 

.122 

Oct.8 

Oram*. 
1.310 
1,390 
1,390 

Ormw^ 

0.151 

Oct.  6 

Oct.9  

.141 

Oct.  6 

Oct.  11 

.187 

Oct.  7 

October  12:  9  a.  m.,  found  dead, 
sample  contained  sugar. 


No  albumen  was  foimd  in  the  urine.    Only  one 
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:Sobb%t  Its.     WkiU,  female.    Diet,  oaU. 
Received  caffein  subcutanebusly  as  follows: 


Date. 


Apr.  14. 
Apr.  16. 
Apr.  17. 


Weight. 


(Trams. 
2,350 
2,250 
2,325 


Caflein 
per  kilo. 


Orams. 
42 
90 


Date. 


Apr.  20, 
Apr.  21, 
Apr.  22 


Wei0it. 


Onm$. 
2,126 
1,965 
1,876 


Caffelii 
per  kilo. 


OrarM. 
141 
152 
160 


Babbit  died  30  minutes  after  last  injection  of  qaffein.  Autopsy:  Stomach  exhibited 
marked  inflammation  of  mucosa.  Slight  enteHtis.  Liver  and  Iddneys  were  deeply 
c<Hig86ted  and  dark  colored. 

Hahlnt  No.  101,  white  male.    Diet,  oats. 

Received  caffein  subcutaneously  as  follows: 


Date. 

Weight 

Caffein 
per  kilo. 

Date. 

Weight 

Oaflein 
per  kilo. 

iff^r  i« 

Gmnu. 
2,025 
1,970 
2,009 
1,855 
1,738 

Oram. 
0.1QD 
.100 
.100 
.100 
.114 

Mw-  24 

Grams. 
1,815 
1,830 
1,710 
1,7S4 
1,606 

Oram. 
a  166 

Vff»-  io 

llar.26 

.186 

M»r-^ 

Mar.  28 

.176 

Mar, « 

Mar-  29 , 

.219 

Ifarr?? 

Apr.l 

,    .224 

April  5:  Found  dead.  Autopsy:  Marked  inflammation  of  gastric  mucosa.  Con- 
siderable enteritis  affecting  the.  whole  extent  of  the  intestines;  liver  congested  and 
friable;  kidneys  deeply  congested  in  cortical  and  medullary  portions;  spleen  con- 
gested, but  of  normal  size;  lungs  and  heart  normal. 

Four  days,  0.1  x>er  kilo;  10  doses  in  14  days. 
Rabbit  £01.    Diet  of  carrots  begun  October  1;  October  19,  oats. 

Subcutaneous  injections  as  follows: 


Date. 

Weight 

Caflein 
per  kilo. 

Date. 

WeI0it 

Caflein 
per  kilo. 

Oct^ 

Grams. 
1,000 
1,015 
1,065 

Gram. 
0.150 
.180 
.187 

Oct  16 

Grams. 

1,065 

860 

890 

Gram. 
0.225 

Oct.  11 

Oct.  18 

Oct.  13 

Oct  20 

.111 

Under  observation  six  hours  October  20;  no  symptoms. 

October  23 :  Died ;  was  much  emaciated  but  did  not  show  any  symptoms ;  emaciation 
set  in  when  caffein  was  withdrawn;  urine  never  contained  sugar  or  albumen;  symp- 
toms observed  after  second  dose  only.  « 

Series  B. 

The  question  whether  caffein  is  cumulative  in  the  rabbit,  suggested  in  the  preceding 
experiments,  was  the  subject  of  further  investigation  in  Series  B.  Caffein  was  given 
by  mouth  or  subcutaneously.  Carrots  formed  the  exclusive  diet,  a  measured  amount 
being  given.  The  rabbits  were  kept  under  observation  for  two  weeks,  except 
Nos.  370  and  373,  records  of  which  were  made  only  for  four  days  before  the  administra- 
tion of  caffein  was  begun.  Caffein  was  given  by  mouth  in  experiments  of  Groups  I 
and  III.  Rabbits  292,  293,  and  295  received  daily  20  cc  water  by  mouth  for  four  days 
previous  to  the  administration  of  caffein,  while  in  the  rabbits  of  Group  II  the  caffein 
treatment  was  preceded  by  the  injection  of  0.8  per  cent  salt  solution  subcutaneously. 
The  object  in  both  cases  was  to  ascertain  whether  or  not  the  method  of  the  adminis- 
tration of  caffein  has  any  influence  on  the  animal,  but  observation  made  from  day  to 
18594*»— Bull.  148—12 6  ♦ 
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day  &iled  to  show  any  effect  of  such  treatment.  About  1  decigram  of  caffein  per 
kilo  was  administered  daily,  with  occasional  intennissions.  Later  in  the  couise  d 
the  experiment  the  doses  were  increased,  0.15  gram  per  kilo  being  the  Tna^Tifnnm  dose 
given.  Rabbit  293  died  after  the  third  dose  with  symptoms  of  typical  ca£fein  poison- 
ing. The  administration  of  the  same  dose  of  caffein  was  continued  10  days  longer  m 
Nos.  292  and  295.  It  was  omitted  on  the  seventh,  fourteenth,  and  fifteenth  days  of 
the  experiment.  On  the  eighteenth  day  of  the  experiment  the  doee  was  increased  to 
150  mg  per  kilo  and  was  repeated  2  days  later.  No.  295  wad  found  dead  the  next 
day.  No.  292  survived.  Rabbits  313  and  315  may  be  considered  together,  as  Ihey 
were  treated  alike  in  every  respect.  The  initial  dose  of  100  mg  caffein  per  kilo  was 
finally  increased  to  122  mg.  After  the  twelfth  dose  the  emaciation  was  well  marked 
and  the  rabbits  were  very  weak.  No.  313  was  found'  dead  2  days,  and  No.  315 
3  days,  after  the  last  dose  of  caffein  was  given.  It  should  be  remarked  in  thk  con- 
nection that  symptoms  of  caffein  poisoning  were  nevw  observed  in  these  rabbitB. 
Death  was  not  due,  therefore,  primarily  to  caffein,  but  the  rapid  loss  of  flesh  and 
strength  observed  during  the  last  few  days  suggests  that  it  was  due  to  malnutzitioii 
apparently  brought  about  by  caffein. 

The  results  obtained  by  subcutaneous  injection  of  caffein  are  given  In  the  table 
as  Group  II.  The  initial  dose  of  100  m^  per  kilo  was  injected  daily.  No.  29i8  died 
after  the  second  dose.  Nos.  223  and  296  received  this  amount  daily  for  6  davs. 
An  intermission  of  2  days  followed,  at  the  end  of  which  the  same  dose  was  given 
again.  The  next  day  it  was  increased  to  150  mg  per  kilo,  but  no  effect  was  obeerved; 
48  hours  later  this  dose  was  repeated.  No.  223  was  found  dead,  but  its  mate  survived. 
Symptoms  of  acute  caffein  intoxication  were  not  observed  in  any  of  these  rabbit!: 
It  would  seem,  therefore,  that  caffein  is  not  cumulative.  This  supposition,  however, 
appears  somewhat  contradictory  in  view  of  the  fact  that  out  of  the  eight  rabbits  ot 
this  series  six  died,  nor  could  any  cause  of  death  be  ascribed  other  than  caffein.  Ako 
the  first  results  of  Experiments  293,  370,  and  373  might  be  considered  as  indicat- 
ing that  cimiulation,  though  to  a  moderate  extent,  does  take  place,  since  in  these 
cases  reflexes  developed  after  the  drug  was  given  for  some  time.  But  this  view  is 
contradicted  by  the  results  of  Experiment  371,  in  which  150  mg  per  kilo  given  5 
days  after  the  daily  dosage  of  caffein  was  suspend^  likewise  caused  increased  Kflexee. 
Cumulation,  therefore,  does  not  accoimt  for  the  effects  noted  in  the  other  rabbit.  It 
will  be  observed  that  rabbit  No.  370,  as  well  as  Nos.  371  and  373,  had  diarrhea  for 
several  days.  It  is  quite  possible  that  the  weakened  ^condition  rendered  the  rabbits 
more  sensitive  to  the  action  of  the  drug.  This  is  made  highly  probable  by  th^  obss^ 
vations  recorded  in  the  experiments  on  acute  intoxication  with  caffein  in  which 
death  occurred  after  small  doses.  In  such  cases  some  pathological  condition  was 
often  disclosed  by  the  autopsy.  The  results  of  this  series  corroborate,  therefore,  those 
of  Series  A,  and  indicate  again  the  absence  of  cumulative  action.  The  results  ob- 
tained are  in  all  probability  due  to  malnutrition  and  other  conditions  brought  about 
by  congestion  of  the- viscera  and  consequent  injury  to  the  gastro-intestin&l  canal. 
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Table  16. — Chronic  caffein  intoxication  of  rabbits;  Series  B  on  cumtUalion, 


iel*  Csnmu  carrots  in  2  days) 

LfTein  administered  (cc)  and  weight 
(Srams): 

]i£ar.5 


liar.  7... 
Mar.9... 
Mar.  11.. 
Mar.  16.. 
Mar.  17.. 
Mar.  19.. 


Mar.  21.. 

Mar.  22.. 

Mar.  23.. 

Mar.  24.. 

Mar.  25.. 

Mar.  26.. 

Mar. '27.. 

Mar.  28.. 

Mar.  29.. 

Mar.  30.. 

Mar.  31.. 

Apr.  1... 

Apr.  2... 

Apr.3... 

Apr.  4... 

Apr.  5... 

Apr.  6... 

Apr.  7... 

Apr.  8... 
Apr.  9... 


1,000 
; 

1.000 

975 

930 

905 

880 

356 

300 

1  1,410 

1,470 

1,045 

1,040 

1,070 

966 

770 

770 

\  i,4i6 

1,360 

1,140 

1,090 

1,096 

1,000 

715 

690 

1,360 

1,270 

1,070 

1,000 

1,065 

1,006 

655 

665 

{  1,506 

1,465 

1,190 

1,230 

1,285 

1,260 

755 

7(50 

)  1,580 

1,460 

1,230 

1,166 

1,170 

1,146 

730 

745 

ji,6i6 

1,416 

1,060 

1,040 

1,116 

1,106 

720 

686 

\  i,665 

/         7 
\  1,686 
J         7 
1  1,440 
/         7 
\  1,336 
]         7 
\  1,310 
/         7 
\  1,376 

{  1,266 

1,670 

7 
1,630 

7 
1,316 

7 
1,140 

1,280 

6 
1,265 

6 
1,175 

6 
1,110 

6 
1,000 

6 
1,035 

6 
1,095 

1,195 

1,235 

1,220 

710 

4 
756 

4 
076 

4 
715 

4 
680 

4 
695 

4 
675 

736 
4 

1,160 

1,215 
1,045 

1%5 

1,260 

700 

4 
635 

4 
700 

4 
660 

4 
685 

1,105 

1,156 

1,150 

696 

• 

/         7 
I  1,366 
/         7 
I  1,386 
i         7 
1  1,330 

{  1,326 

{  1,336 

{  1,300 

6 
1,115 

6 
1,150 

6 
1,075 

6 
1,170 

6 
1,060 

6 
1,125 

6.5 
1,120 

6 
1,156 

6 
1,035 

6 
1,110 

6 
1,050 

6 
1,090 

6 
1,160 

6 
1,165 

6 
1,095 

1,140 
6 

1,120 
6 

1,165 

6 

1,166 

6 

955 

Dead."' 

4 
695 

4 
095 

4 
630 

4 
600 
•  4 
626 

4 
695 

4 
686 

4 
675 

4 
610 

4 
605 

4 
620 

4 
625 

200 

j  1,300 
{  1,386 
\  1,260 

1,006 

6 

1,090 

7.6 

1,010 

1,105 

6 

1,130 

7.5 

1,050 

1,060 
6 

1,090 
8 

1,110 

686 

4 

655 

680 

4 
630 

660 

630 

(«) 



J         » 
1,260 
Sur- 
vived. 

7.5 
1,000 
Dead. 

7.5 
1.090 
Sur- 
vived. 

8 
1,065 
Dead. 

Dead. 

"DeadI 

1  On  these  days  5  oc  of  salt  solution  was  administered  subcutaneoosly. 

*  Dead  Mar.  23.  , 

•  Found  dead  9  a.  m. 
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Table  17. — Chronic  vntaxicatwn  of  rabbits,  aeries  B,  Group  /F«  on  cumuUOion. 

BABBIT,  370. 


Date. 

Weight 

CerrotB. 

Waler. 

Urine. 

Cafleln 

by 
stoinaeh. 

Syniptoin&. 

Aug.  7 

Oramt. 
2,156 
2,030 
2,106 
2,006 
2,106 
2,125 
2,120 
2,170 
2,175 
2,170 
2,175 
2,095 
2,120 
2,120 
2,120 
2,040 
2,030 
1,950 
1,885 

Oivfiw. 
450 
450 
290 
450 
450 
450 
350 
460 
850 
860 
810 
180 
400 
400 
400 
400 
870 
215 
195 

cc. 
50 
26 
0 
80 
65 
65 
25 
85 

36 
40 

70 
46 
36 
40 
35 

280 
185 
275 
335 
360 
220 
265 
275 
200 
250 
170 
285 
286 
810 
250 
266 
220 
120 
60 

"^JT 

Au«  8         

Aiil.9 '. 

.^ 

Au«.  10         

Aug.  11..'.' 

50 
50 
50 
75 
75 
75 
100 
100 
126 
125 
125 
150 
150 
150 
200 

Aug.  12 

Aug.  13 

Aug.  14 

Aug.  15 

Aug.  16 

Aug.  17 

Aug.  18 

Aug.  19 

Do. 

Aug.  20 

Better. 

Aug.  21 

Do. 

Aug.  22 

Diarrhea  bed. 

Aug.  23 

Diarrhea  better. 

Aug.  24 

Do. 

Aug.  26 

Aug.  26 

Reflexes. 
Found  dead  at  9. 

BABBIT,  873. 


Aug.  7. 
Aug.  8. 
Aug.  9. . 
Aug.  10. 
Aug.  11. 
Aug.  12. 
Aug.  13. 
Aug.  14. 
Aug.  15. 
Aug.  16. 
Aug.  17. 
Aug.^18. 
Aug.  19. 
Aug.  20. 
Aug.  21, 
Aug.  22, 
Aug.  23 
Aug.  24 
•Aug.2S 
■  Aug.  26 
Aug.  27 
Aug.  28 
Aug.  29 

Aug.  30 
Aug.  31 


2,240 

460 

50 

230 

2,150 
2,120 

150 

80 

300 

206 

0 

150 

..../ 

2,150 
2,195 

450 
450 

15 
5 

245 
285 

50 

2,160 

460 

65 

825 

50 

2,120 

800 

45 

190 

50 

2,195 

450 

40 

266 

t     75 
*     75 

2,215 

850 

85 

200 

2,206 

810 

45 

226 

75 

2,240 

.    400 

40 

265 

100 

2,255 

850 

80 

820 

100 

2,115 

185 

(T) 

170 

125 

2,115 

280 

85 

195 

125 

2,050 

175 

75 

115 

126 

2,060 

180 

76 

130 

150 

2,006 

200 

75 

126 

150 

1,990 

200 

75 

150 

150 

1,950 

255 

55 

132 

175 

1,870 

206 

80 

140 

None.... 

1,830 

200 

50 

140 

...do 

1,950 

400 

25 

265 

...do 

1,825. 

400 

0 

315 

...do 

1,850 

10 

140 

...do 

1,835 

Severe  dJanhea. 
Diarrhea  better. 
Slight  diarrhea. 

Reflexes. 
Slight  diarrtMA. 
Severe  dJarrtiea. 

Do. 

Do. 
Slight  diarrhea. 
Very  weak  and  In  poor  eoodi- 
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Table  17, ^Chronic  intoxication  of  rabbits,  series  B,  Group  /F,  on  cumiUation—Contd. 

RABBIT,  3n. 


Date. 

Weight. 

Carrots. 

Water. 

Urine. 

Cafleln. 

Symptoms. 

Aug.  7 

Qranu. 
2,240 
2,260 
2,310 
2,295 
2,320 
2,280 
2,300 
2,265 
2,260 
2,295 
2,180 
2,150 
2,075 
2.075 
2,165 
2,105 
2,060 
2,105 
2,055 
2,040 

* 

Qramt. 
450 
450 
430 
450 
450 
450 
350 
425 
250 
155 
105 
125 
210 
280 
260 
400 
300 
250 
320 
190 

•   ec. 

50 
50 

50 
70 
70 
55 
40 
70 
70 
70 

70 
50 
50 
0 
15 
10 
76 

300 
225 
300 
305 
336 
400 
255 
154 
125 
Lost..-. 
120 
100 
192 
180 
225 
275 
145 
245 
176 
250 

"i^r 

Aug.  8 

Aug.  9 

Aug.  10 

Aug.  11 

50 

50 

50 

76 

76 

75 

100 

100 

100 

100 

None.... 

...do 

...do 

...do 

150 
160 

Aug.  12 

Aug.  13 

Aug.  14 

Aug.  "i^ 

Aug.  16 

Aug.  17 

R^^vere  diarrhea. 

Aug.  18 

Diarriiea  better. 

Aug.  19 

Diarrhea  severe. 

Aug.  20 

Do. 

Aug*  21 , . 

Diarrhea  better. 

Aug.  22 

Aug.  23 

Diarrhea  severe. 

Aug.  24 

Do. 

Aug.  2R..,. 

Reflexes. 

Aug.  26 

Died  at  1  p.  m.,  without  having 
than  reflexes. 

Series  C. 

The  subjects  used  in  these  experiments  were  rabbits  of  medium  size  and  were  appar- 
ently young  or  at  any  rate  were  not  very  old.  The  series  was  planned  for  the  study 
of  the  possible  effect  of  diet  on  the  toxicity  of  caffein  when  given  for  some  time,  and 
therefore  oats  were  substituted  for  carrots,  which  had  been  fed  in  the  previous  work,  as 
aheady  stated.  Caffein  was  given  by  mouth  in  the  usual  way,  in  1  per  cent  solution, 
100  mg.  per  kilo  daily.  Fourteen  rabbits  were  used  for  these  tests.  Their  weights  were 
recorded  daily  and  observations  made  at  frequent  intervals  during  the  day. 

The  only  change  noticed  in  all  of  the  experiments  of  this  series  was  progressive  loss 
of  weight  which  set  in  from  3  to  8  days  after  the  administration  of  the  drug  was  begun. 
The  duration  of  life  varied  considerably.  No.  382  died  after  the  first  dose.  No.  389 
lived  2  days,  No.  386,  3  days,  and  No.  385,  5  days.  No.  390  lived  7  days  and  No.  404 
lived  20  days  after  the  administsation  of  caffein  was  begun.  The  duration  of  life  in  all 
the  others  was  from  11  to  16  days.  The  findings  at  autopsy  are  interesting  and  siiggesti  ve 
as  regards  the  possible  explanation  of  the  effects  of  repeated  dosage  of  caffein.  In  eight 
of  the  rabbits  there  was  involvement  of  the  mucous  membrane  of  the  stomach  or  intes- 
tinee  or  of  both.  Since  the  same  condition  of  the  gastro-intestinal  canal  was  observed 
in  previous  experiments  with  caffein  when  injected  subcutaneously,  the  mere  passing 
of  the  tube  into  the  stomach  is  obviously  not  the  cause  of  this  condition.  The  &tal 
outcome  due  is  therefore,  as  was  suggested  above,  to  inanition  brought  about  by  the 
condition  of  the'  gastro-intestinal  canal.  Moreover  parallel  experiments  carried  out 
on  rabbits  in  the  same  way  with  alcohol  survived  this  treatment  much  longer. 
Obviously  then  the  passing  of  the  soft  rubber  catheter  is  not  the  cause  of  this  condition 
of  the  gastro-intestinal  canal  nor  the  diet.  Rabbits  were  fed  oats  exclusively  for  several 
numths  in  this  laboratwy  and  thrived.  The  presence  of  pneumonia  in  the  other 
rabbits  of  this  series  may  be  regarded  as  accidental,  as  it  is  inconceivable  that  one  or 
two  doses  of  caffein,  as  was  the  case  in  Nos.  382  and  389,  could  predispose  the  lungs  to 
mfection.  The  results  of  these  experiments  therefore  are  in  harmony  with  those  of 
the  preceding  two  series,  indicating  that  caffein  does  not  accumulate  in  the  body ,  and 
that  the  toxicity  of  caffein,  whether  of  the  single  dose  or  of  repeated  doses  is  the  same, 
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on  a  diet  of  carrots  or  of  oats.  These  results  also  show  that  ca£fein  Ib  much  more  toxie 
with  repeated  dosage.  As  stated  in  the  historical  part  of  this  bulletin  the  same  vier 
was  held  by  (jourewitch.** 

Rabbit  386.    Belgian  female. 
Given  1  cc  of  1  per  cent  caffein  for  each  100  grams,  through  stomach  tube. 


Date. 


Aug.  17.. 
Aug.  18.. 


Weight. 


QrafM. 
1,300 
1,215 


Treat- 
meat. 


13.0 
12.0 


Date. 


Aug.  19.. 


Weight. 


Tna^ 


(?) 


(?) 


1 


August  20:  Found  dead  9  a.  m.    AiUopsy:  Lungs  slightly  congested;  liver  engorged 
and  mable;  gall  cyst  well  filled. 
Rabbit  389.    Black  male. 

Given  1  cc  of  1  per  cent  cafiFein  for  each  100  grams,  through  stomach  tube. 


Date. 

Weight. 

Treat- 
ment. 

Date. 

Weight 

Tw»t- 

Bfnt. 

Aug.17 

Orama. 
1,070 

cc. 

10.0 

Aug.  18 

Oranu. 
1,035 

er. 

10.8 

Au^t  19:  Found  dead  9  a.  m.    Autopsy:  Lungs  severely  congested  and  partially 
hepatized;  liver  was  engorged;  other  or^ms  appeared  norinal. 
Rabbit  382.    Belgian  female. 

On  August  17  weigned  1,036  grams;  received  1  cc  of  1  per  cent  caffein  for  eadi  100 
grams;  10  cc  of  1  per  cent  caff  em  given  in  all. 

August  18:  Found  dead  9  a.  m.    Autopsy:  Lungs  coneeeted  and  hepatized;  live 
^ngoived;  stomach  showed  numerous  petechial  hemorrnages  on  mucoaa;  lodne;? 
dighUy  congested;  intestines  appeared  normal. 
Rabbit  385.    Belgian  female. 

Given  1  cc  of  1  per  cent  caffein  for  each  100  grams,  through  stomach  tube. 


Date. 


Aug.  17.. 
Aug.  18.. 
Aug.  19.. 


Weight. 


Oramt. 
780 
760 
755 


Treat- 
meat. 


8.0 
7.6 
7.5 


Date. 


Aug.  20., 
Aug.  21. 


Weight.!  ^t; 


Orams. 
715 
700 


Aufipst  22:  Found  dead  9  a.  m.  Automy:  Lungs  exhibited  pneumonic  lesiooe. 
with  inflammatioit  of  adjacent  pleura;  a  nbro-plastic  exudate  present  around  lung; 
liver  showed  a  coccidial  infestation;  stomach  distended  with  ingesta;  mucous  mem- 
brane characterized  by  a  catarrhal  inflammation;  contents  of  small  intestine  liquid 
in  nature  and  bile  stained;  large  intestine  somewhat  impacted;  liver  and  kidneys 
seemingly  normal. 


Digitized  by 


Google 


CHRONIC   INTOXICATION — ^RABBITS. 


71 


Babbit  404.    WTwUmaU, 

Given  1  cc  1  per  cent  caffein^for  each  100  grams. 


Date. 


Weight. 


Treat- 
ment. 


Date. 


Weight. 


Treat-  h 
ment. 


Aug.  20... 
Aug.  21... 
Aug.  221. 
Aug.  23... 
Aug.  24... 
Aug.25>. 
Aug.  26... 
Aug.  27... 
Aug.28». 
Aug.  29... 


Oratiu. 
1,465 
1,475 


14.5 
14.5 


1,475 
1,400 
1,405 
1,415 
1,400 


14.5 
14.0 
14.0 
14.0 
14.0 


1,310 


13.0 


Aug.  30. 
Aug.  31. 
Se^l. 
Sept.  2. 
S^t.3. 
Sept  4. 
Sept.  5. 
Sept.  6. 
Sept.  7. 
Sept.  8. 


Qramt. 
1,320 
1,330 
1,335 
1,315 
1,350 
1,335 
1,350 
1,380 
1,375 
1,325 


13.0 
13.5 
13.5 
13.0 
13.5 
13.5 
13.5 
14.0 
14.0 
13.0 


I  Not  fed. 


s  Reflexes. 


September  9:  Found  dead  9  a.  m.    Autopsy:  Both  lungs  showed  extensive  pneu- 
monia, wiUi  adhesions  to  pleura;  pleuritis  and  pericarditis  very  marked;  large  amount 
of  fibrous  exudate  in  pleural  cavity;  pyloric  end  of  stomach  slightly  congested;  liver 
congested;  other  organs  normal. 
Rabbit  S9S.    Belgian. 

Given  1  cc  of  1  p^  cent  caffein  to  each  100  grams,  through  stomach  tube. 


Aug.  17.- 
Aug.18.. 
Aug.  19. . 
Aug.  20.. 
Aug.  21.. 
Aug.  221. 
Aug.  23.. 
Aug.  24.. 


Date. 


Weight. 


Grams. 
060 
910 
805 
910 
906 


825 
870 


Treat- 
ment. 


9.5 
9.0 
9.0 
9.0 
9.0 


8.0 
8.5 


Date. 


Aug.  25... 
Aug.  26... 
Aug.  27. . . 
Aug.  281. 
Aug.  29... 
Aug.30«. 
Aug.  31 1. 


Weight. 


Oranu. 


780 
765 


710 


Treat- 
ment. 


8.5 
8.0 
7.5 


I  Not  fed. 


«  Condition  very  poor;  not  fed. 


September  1:  Found  dead.  Autopsy:  Lungs  congested  and  adhering  to  the  pleura: 
extensive  inflammation  of  pleura;  liver  slightly  enlarged  and  congested;  mucosa  of 
fltomach  and  small  intestines  slightly  congested;  other  oigans  normal. 


Rabbit  S90.    Belgian,  male. 
Given  1  cc  of  1  per  cent  caffein  to  each  100  grams  through  stomach  tube. 


Date. 


Weight. 


Treat- 
ment. 


Date. 


Wel0it. 


Treat- 
ment. 


Aug.  17.. 
Aug.  18-. 
Aug.  19.. 
Aug.  20.^ 


drajM. 
1,490 
1,370 
1,365 
1,340 


ee. 
15.0 
14.0 
13.5 
13.6 


Aug.  21.. 
Aug.  221 
Aug.  23.. 


•Orsmt. 
1,265 


12.5 


1,120 


11.0 


1  Not  fed. 

August  24:  Found  dead  9  a.  m.  Autojm:  Heart  and  lungs  appeared  nojmal; 
abdominal  viscera  showed  no  apparent  pathologic  change  other  than  coccidial  infec* 
tion  of  the  liver  and  fullness  of  the  blooa  vessels. 
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Rabbit  S9t.     MaUue,  female. 
Given  1  cc  of  1  per  cent  caffein  to  each  100  grams  through  stomach  tabe. 


Dftta. 


Aug.  17.. 
Aug.  18. 
Aug.  19.. 
Aug. ».. 
Aug.  21.. 
Aug.  221 
Aug.  23.. 
Aug.  24.. 
Aug.  25.. 


Weiglit. 


Ortmt. 
1.265 
1,275 
1,240 
1,220 
1,245 


1.180 
1,100 
1,155 


Treat- 
ment. 


12.5 
VLb 
12.5 
12.0 
U.6 


12.0 
12.0 
1L5 


Date. 


Wei^t. 


Aug.  26. 
Aug.  27.. 
Aug.2Si 
Aug.  29. 
Aug.  30.. 
Aug.  31.. 
Septl.. 
Sept  2.. 


Oraou. 

ec 

1,140 

11.5 

1,140 

1L$ 

1,U5 

lift 

1.080 

ILO 

1,020 

mo 

905 

lao 

930 

9.0 

I  Not  led. 


Died  at  3  p.  m.  September  2.    Auiopty:  The  stomach  and  small  intestines  showed 
numerous  small  hemorrhagic  spots;  a  thick  coating  of  mucus  surrounded  the  con- 
tents of  the  stomach;  the  other  oigans  were  apparently  normal. 
Rabbit  40S,    Black. 

Given  1  cc  of  1  per  cent  caffein  for  each  100  grams. 


Date. 


Aug.  20., 
Aug.  21.. 
Aug.  221 
Aug.  23.. 
Aug.  24.. 
Aug.  25.. 


Weight. 


Gramt. 
1,640 
1,640 


1,490 
1.515 
1,475 


Treat- 
ment. 


16.5 
16.5 


15.0 
15.0 
15.0 


Date. 


Aug,  26.. 
Aug.  27.. 
Aug.  28  1 
Aug.  29.. 
Aug.  30.. 


Wei^t. 


Onmt. 
1,390 
1,330 


1,130 
1,055 


Tieat- 


14.0 
VLi 


as 

l&S 


t  Not  fed. 

August  31:  Foimd  dead  at  3   p.  m.    Autopsy:  Extensive  gastroenteritis;  liver 
enlarged   and    congested;  spleen   slightly   congested;  peritoneum    thickened   and 
congested;  other  organs  normal. 
Rabbit  S84.    Black,  female. 

Given  1  cc  of  1  per  cent  caffein  for  each  100  grams  through  stomach  tube. 


Date. 


Aug.  16.. 
Aug.  17.. 
Aug.  18.. 
Aug.  19.. 
Aug.  20. . 
Aug.  21.. 
Aug.  22 1 
Aug.  23.. 
-Aug.  24.. 


Weight. 


Orami. 
1,195 
1,205 
1,140 
1,180 
1,145 
1.145 


1,005 
1,035 


Tn»t- 
ment. 


12.0 
12.0 
11.5 
12.0 
11.5 
11.5 


10.0 
10.5 


Date. 


Aug.  25... 
Aug.  26... 
Aug.  27... 
Aug.  28». 
Aug.  29... 
Aug.30«. 
Aug.  31... 
SepUl... 


Weight. 


Gmmt, 
990 
960 
955 


870 


810 
740 


Treat- 
ment. 


l&O 
9.5 
9.5 


9lO 
8.5 
&0 
7S 


1  Not  fed. 


<  Poor  condition,  mucus  from  rectum. 


September  2:  Found  dead  at  9  a.  m.  AtUopsv:  The  mucosa  of  stomach  showed 
numerous  hemorrhagic  spots;  the  first  portion  of  the  small  intestines  was  slightly 
congested;  the  other  organs  were  apparently  normal  in  appearance. 
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RahbilSSS.    Belgian^  female. 
Qiven  1  cc  of  1  per  cent  caffein  for  each  100  grams  through  stomach  tube. 


Date. 


Aug.  16. 
Aug.  17. 
Aug.  18. 
Aug.  19. 
Aug.  20. 
Aug.  21. 


Weight. 


Gronw. 
996 
1,006 
990 
896 
946 
966 


Treat- 
ment. 


10.0 
10.0 
10.0 
9.0 
9.6 
9.5 


Date. 


Aug.  221 

Aug.  23 .*.. 

Aug.  24 

Aug.  26 

Aug.  26 

Aug.  27 


Weight. 


QraiM, 


876 
856 
860 
785 
710 


Treat- 
ment. 


9.0 
8.5 
8.5 
8.0 
7.0 


1  Not  fed. 

August  28:  Found  dead  at  9  a.  m.  Autopsy:  Lungs,  heart,  and  spleen  apparently 
noftnal;  liver  infected  with  coccidia;  stomach  apparently  normal;  walls  of  small 
intestines  injected;  colon  marked  congestion  and  hemorrhagic;  kidneys  hemorrhagic. 

Rabbit  S87.    Belgian  male. 
Given  1  cc  of  1  per  cent  caffein  for  each  100  grams  through  stomach  tube. 


Date. 


Weight. 


TreaU 
ment. 


Date. 


Weight. 


Treat- 
ment. 


Aug.  17.. 
Aug.  18.. 
Aug.  19.. 
Aug.  20. . 
Aug.  21.. 
Aug.  221. 
Aug.  23.. 
Aug.  24.. 
Aug.  25.. 


Oranu. 
1,260 
1,340 
1,336 
1,300 
1,325 


12.5 
13.0 
13.0 
13.0 
13.0 


1,205 
1,200 
1,285 


12.0 
12.0 
12.6 


Aug.  26.. 
Aug.  27.. 
Aug.  281. 
Aug.  20.. 
Aug.  30.. 
Aug.3L. 
SepLl... 
Sept.  2... 


Orami. 
1,185 
1,255 


12.0 
12.5 


1,115 
1,135 
1,175 
1,050 
900 


11.0 
11.5 
12.0 
10.5 
9.0 


»  Not  fed. 

September  3,  found  dead.    Autopsy:   Stomach  and  small  intestines  showed  num- 
erous hemorrhagic  spots :  thick  coating  of  mucus  surrounded  the  contents  of  the  stom- 
ach; bladder  was  greatly  dbtended  with  urine;  t^e  other  oigans  were  apparently 
normal. 
Rabbit  S88.    Belgian  male. 

Given  1  cc  of  1  per  cent  caffein  for  each  100  grams,  through  stomach  tube. 


Date. 


Weight. 


Treat, 
ment. 


Date. 


Weight. 


Treat- 
ment. 


Aug.  17.. 
Aug.  18,. 
Aug.  19.. 
Aug.  20.. 
Aug.  21.. 
Aug.  221. 


Oranu. 
1,080 
1,115 
1,150 
1,130 
1,120 


10.0 
11.0 
11.5 
1L5 
11.0 


Aug.  23.. 
Aug.  24.. 
Aug.  26.. 
Aug.  26.. 
Aug.  27.. 
Aug.281.. 


Orams. 
1,020 
985 
960 
900 
875 


10.0 
10.0 
9.6 
9.0 
9.0 


1  Not  fed. 


August  29,  found  dead  9  a.  m.  AiUopw:  Heart  and  lungs  normal;  liver  and  kidneys 
engorged;  stomach  normal:  intestines  showed  a  catarrhal  inflammation,  though  not 
severe;  spleen  normal;  walls  of  colon  somewhat  injected. 
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Rabbit  S91.    Belgian. 
Given  1  cc  of  1  per  cent  caffein  to  eack  100  grams  through  stomach  tube. 


Date. 


Weight 


Treat- 
ment. 


Date. 


Wei^t. 


Trcat. 


Aug.  17.. 
Aug.  18.. 
Aug.  19.. 

Aog.ao.. 

Aug.  21.. 
Aug.  221. 
Aug.  23.. 


Oram*. 
040 
950 
965 
935 
946 


9.5 
9.5 
9.5 
9.5 
9.5 


8.5 


Aug.  24... 
Aug.  25... 
Aug.  96... 
Aug.  27  « . 
Aug.28». 
Aug.  29... 


Omrn*. 
805 

*  800 
765 
600 


566 


ft.S 
T.i 


1  Not  fed. 


<  Poor  condition. 


Auffust  30.  found  dead  9  a.  m.    Autopsy:  Heart  injected;  lungs  normal;  liver  affected 
Blight! V  with  coccidiidea;  stomach  normal  in  appearance:  small  intestines  normal, 
but  colon  considerably  injflamed;  kidneys  slightly  engorged;  other  orguiB  normal. 
Babbit  402,    Black  female. 

Given  1  cc  of  1  per  cent  caffein  to  each  100  grams. 


Date. 


Weight. 


Treat- 
ment. 


Date. 


Weight. 


Treat- 


Aug.20.. 
Aug.  21.. 
Aug.22» 
Aug.  23.. 
Aug.  24.. 
Aug.  25.. 
Aug.  26.. 


Oramt. 
2,030 
1,960 


20.0 
19.5 


1,965 
1,905 
1,890 
1,780 


19.6 
19.0 
19.0 
18.0 


Aug.  27.. 
Aug.  281 
Aug.  29.. 
Aug.  80.. 
Aug.  31.. 
8^1.. 


Onmt. 
1,765 


n.i 


1,680 
1,640 
1,610 
1,«5 


16.5 
U.5 

14.0 


1  Not  fed. 

September  2,  found  dead  9  a.  m.  Autopsy:  The  lungs  were  badly  congested,  the 
posterior  lobe  of  the  right  lung  showing  hepatization;  the  liver  was  considmbly 
^nlaiged  and  congested;  the  mucous  membrane  of  the  stomach  and  small  intestines 
was  congested  and  showed  nunferous  hemorriiagic  spots;  the  kidneys  showed  sli^t 
congestion;  all  other  oigans  normal. 

Series  D. 

The  evidence  brought  forth  in  the  preceding  pages  regarding  cumulation  of  caffein 
naturally  suggests  the  question  whether  or  not  the  body  acquires  a  tolerance  for  it. 
This  question  has  already  been  answered  in  the  affirmative  by  Gourewitch,**  but 
owing  to  the  method  he  used  for  the  identification  of  caffein  and  the  few  experiments 
made  his  results  are  not  conclusive.  The  experiments  of  series  A,  B,  and  C  might 
be  regarded  as  indicating  that  tolerance  for  caffein  is  not  acquired  by  the  lubbit.  It 
was  noticed,  however,  that  the  rabbit  apparently  does  tolerate  increasingly  laiger 
doses  under  certain  conditions,  as  the  following  experiments  show: 

Rabbit  2iS,    Belaian  hare^  male. 

October  22:  Weight,  1,520  grams;  15  cc  2  per  cent  caffein  injected  subcutaneously 
at  2  p.  m. 

November  1:  10.30  a.  m.,  weight,  1,610  grams;  17  cc  2  per  cent  caffein  injected 
subcutaneouslv  (225  mg  per  kilo),  reflexes  observed,  but  no  tetanus. 

November  4:  10.30  a.  nr.,  weight  1,535  grams;  19  cc  2  per  cent  caffein  injected 
subcutaneously  at  2.40  p.  m.;  4.40  p.  m.,  no  symptoms. 

Novembers:  Weight,  1,426  grams;  20  cc  2  per  cent  caffein  (285  mg  per  kilo)  injected 
at  11.45  p.  m.;  5  p.  m.,  no  symptoms. 

November  17:  Weight,  1,326  grams;  22  cc  2  per  cent  caffein  injected  at  2.55  p.  IB. 
^329  mg  per  kilo),  no  symptoms. 

November  18:  Rabbit  in  good  condition. 
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Rabbit  t24-    ^^9^  ^^y  female:    Diet,  carrots, 

October  18:  Weight,  1,935  grains;  11.20  a.  m.,  15  cc  2  per  cent  caffein  (155  mg  per 
kilo)  injected. 

November  1:  Weight,  1,780  grams;  20  cc  2  per  cent  caCfein  (224  mg  per  kilo)  injected 
subcutaneously,  reflexes  incr^ised,  muscle  tremors  present,  but  no  other  symptoms. 

November  4:  Weight,  1,710  grams;  21.5  cc  2  per  cent  caffein  (252  mg  per  kilo) 
iniected. 

November  8:  Weight,  1,435  grams;  22.5  cc  2  per  cent  caffein  or  314  mg  per  kilo 
iniected  at  11.40  P- m.:  5  a.  m.,  no  symptoms. 

November  17:  Weignt,  1,340  grams;  24  cc  2  per  cent  ca£fein  (358  mg  per  kilo) 
injected  subcutaneously. 

November  18:  9  a.  m.,  rabbit  died. 
Jtabbit  £t6,    Grm/  male.    Diet,  carrots, 

October  28:  Weight,  1,045  grams;  10  cc  2  per  cent  caffein  injected  subcutaneously 
at  1.50  p.  m.;  4.30  p.  m.,  tremors  observed,  but  no  other  symptoms. 

October  29:  Rabbit  in  good  condition. 

November  1:  Weight,  950  cr&nis;  10.55  a.  m.,  11  cc  2  per  cent  caffein  injected  sub- 
cutaneously (2^1  m^  per  kilo). 

November  4:  Weignt,  930  grams;  2.50  p.  m.,  12  cc  Z  per  cent  caffein  injected  sub- 
cutaneously (258  m^  caffein  per  kilo). 

November  6:  Weight,  945  grams;  11.45  a.  m.,  15  cc  2  per  cent  caffein  (313  mg  per 
kilo)  injected  subcutaneously. 

November  17:  Rabbit  still  alive;  weight,  890  grams. 

The  results  of  these  experiments  indicate  that  when  sufficient  time  is  allowed 
between  two  successive  injections,  susceptibility  to  caffein  is  not  increased.  The 
rabbit,  on  the  contrary,  seems  to  acquire  a  tolerance  for  the  drug,  for  the  fourth  dose 
was  15  per  cent  larger  than  the  minimum  fatal  dose  of  caffein.  This  is  in  all  proba- 
bility due  to  the  better  elimination  of  caffein  and  its  products  of  decomposition  and 
to  recovery  from  the  deleterious  effects  of  each  dose,  made  possible  by.  long  intervals 
between  injections. 

The  results  of  these  experiments  may  be  briefly  summed  up  by  stating  that  sub- 
minimum  doses  of  caffein  given  to  the  rabbit  daily  or  at  intervals  (not  too  long)  do 
not  produce  any  symptoms  such  as  were  observed  in  acute  caffein  intoxication, 
namely,  increased  reflexes  and  convulsions,  or  increased  rate  of  respiration,  thus, 
showing  that  it  is  not  cumulative.  But  evidence  of  undoubted  summation  of  effect 
was  adduced  to  show  that  if  the  administration  of  subminimum  doses  of  caffein 
be  continued  daily  for  a  period  of  11  to  18  days  the  result  is  fatal.  Tolerance, 
however,  may  be  acquired,  although  to  a  limited  extent  only,  provided  sufficiently 
long  intervals  between  injections  are  allowed  to  give  time  for  repair  of  the  injury 
done  by  the  drug  and  to  develop  a  mechanism  for  its  better  decomposition  and  elimi- 
nation. Furthermore,  the  evidence  just  given  indicates  that  the  elimination  of  sub- 
minimum  doses  of  caffein  and  its  products  of  decomposition  is  probably  accomplished 
within  24  hours  or  thereabouts.  That  the  elimination  of  larger  doses  is  not  accom- 
plished in  this  interval  is  made  probable  by  the  following  experiment: 

Gray  rabbit  4S5.    Female.    Diet,  oats. 

€k:tober  12:  Weight.  1,185  grams;  3.30  p.  m.,  11.5  cc  2  of  per  cent  caffein  injected 
into  ttie  lumbar  muscles;  3  p.  m.,  reflexes  increased. 

October  13: 10  a.  m.,  rabbit  weighed  1,070  grams;  no  symptoms  of  caffein  poisoning, 
reflexes  normal;  10.30  a.  m.,  10  cc  2  per  cent  caffein  injected  into  the  lumbar  muscles; 
11.30  a.  m.,  rabbit  jumped  off  the  table,  had  convulsions,  and  died. 

ezpebucbnts  on  doos. 

Having  gained  some  information  respecting  the  effects  of  repeated  doses  of  caffein 
on  rabbits,  it  was  of  interest  to  find  out  how  camivora  reacted  to  the  drug  when  simi- 
larly administered.  A  number  of  dogs  were  used  for  the  purpose.  Considerable 
variation  in  the  mode  of  experimentation,  as  will  appear  later,  was  allowed. 

Since  the  condition  of  the  animal,  its  age,  environment,  or  diet  might  be  factors 
influencing  toxicity,  tests  were  made  on  full-grown  and  on  young  ^wing  dogs  whose 
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food  was  varijBd.  The*  subjects  of  the  experiment  were  kept  under  observation  Cor 
a  few  days  to  several  weeks  before  the  administration  of  caffein  was  begun,  in  order 
to  detennine  whether  or  not  any  morbid  condition  existed,  as  well  as  to  ascertain 
whether  the  new  environment  had  any  effect  on  these  animals.  Caffein  was  given 
chiefly  by  mouth,  but  the  subcutaneous  method  was  also  employed  during  a  por- 
tion of  the  experimental  period  in  some  dogs.  The  initial  dose,  which  varied  for 
different  individuals,  was  maintained  for  a  variable  length  of  time.  It  was  thai 
progressively  increased,  in  most  cases  until  the  death  of  the  animal.  With  laigcr 
doses  the  intervals  between  successive  injections  were  also  increased. 

Series  A. 

'  Six  dogs  were  used  in  this  series.  Oaffein  was  administered  by  mouth  for  periods 
of  six  days  to  five  weeks.  It  was  given  daily  or  at  intervals  of  two,  and  sometimes  of 
three,  da3r8.  In  a  few  .instances  the  drug  was  withheld  for  four  or  even  for  seven 
days,  and  its  administration  was  resumed  at  the  end  of  this  time.  The  initial  dose 
in  these  experiments  varied  approximately  between  40  an^  140  mg  per  kilo.  The 
doses  were  then  increased  graduaJfy,  and  thus  the  maximum  resistance  of  tiie  subject 
to  caffein  was  tested.  The  diet  consisted  either  exclusively  of  meat  or  largely  of 
carbohydrates  with  a  minimum  amount  of  meat  to  give  flavor  to  the  food. 

Dog  11.    Female. 

Diet  consisted  of  rice,  250  ^prams;  cane  sugar,  250  grams;  meat,  50  grams;  cracker 
meal,  about  100  pnjna.  Caffem  was  given  by  mouth  daily  or  at  intervals  of  one  day, 
when  the  dose  did  not  exceed  1.5  grams.  Before  the  dose  was  increased  to  2  mms,  or 
appro^omatelyr  0.213  gram  caflein  per  kilo,  an  interval  of  two  days  was  allowed.  Symp 
toms  were  noticed  the  next  dav.  An  interval  of  two  days  was  therefore  allowed  again 
at  the  end  of  which  the  same  dose  was  repeated.  It  will  be  remarked  that  there  were 
no  symptoms  this  time,  and  the  general  condition  of  the  dog  seemed  to  be  good.  Two 
grams  of  caffein  were,  therefore,  given  daily  during  the  next  two  days  without  any 
untoward  effects;  the  dose  was  then  increased  to  2.5  grams.  Even  alter  this  enormoos 
quantity  no  symptoms  were  observed  except  slight  tremors.  When  this  dose  wis 
repeated  26  hours  later,  it  proved  fatal.  No  albumin  or  sugar  was  found  in  the  urine, 
almough  the  dog  was  fed  on  a  very  liberal  carbohydrate  diet.  The  following  is  a 
complete  record  of  the  experiment. 

April  20:  Urine  acid,  no  albumin,  no  sugar. 

April  21:  Urine  free  from  sugar. 

April  22:  Urine  free  from  sugar.    1  gram  caffein  given  in  the  afternoon. 

April  23:  9  a.  m.,  dog  was  very  thirsty,  drank  a  large  quantity  of  water,  urine  did 
not  reduce  Fehling's  solution. 

April  24:  2.30  p.  m.,  1  gram  caffein,  no  sugar  in  urine. 

April  25:  1  gram  caffein  administered. 

April  26:  Weight,  10.6  kilos,  urine  collected  in  the  morning,  no  sugar;  4.10  p.  m., 
1.5  grams  caffein. 

April  27:  1.5  ^rams  caffein;  1.30  p.  m.)  diet  as  before,  no  sugar  in  urine. 

April  28:  Weight,  10.2  kilos,  no  caffein,  no  sugar  in  urine. 

April  30:  Weight,  10.4  kilos,  no  sugar  in  urine;  4.20  p.  m.,  2  grwns  caffein. 

^y  1:  Urine  examined,  sugar  absent,  weight  10  Kilos,  vomited,  sick,  tremors 
observed,  drank  500  cc  water  at  one  time,  appetite  l;>oor. 

May  2:  No  caffein,  drank  150  cc  water. 

May  3:  Urine,  no  sugar,  moderate  quantity  of  albumen  present;  12  noon,  2  zcuns 
caffein  given  by  mouth,  weight  10.3  kilos;  2  p.  m.,  urine,  sugar  negative,  canditbn 
of  dog  good,  no  symptoms  of  caffein  intoxication. 

May  4:  10  a.  m.,  about  10  cc  thick,  dark-colored  mucilaginous  urine  found  in  col- 
lecting bottle;  albumin  a  little  more  than  a  trace,  decidedly  less  than  on  May  3, 
no  sugar,  condition  of  dog  pretty  good  except  for  slight  muscular  tremors;  4  p.  m.» 
2  flrams  caffein  by  mouth  (as  usual). 

May  5:  Urine  not  examined,  no  symptoms;  4  p.  m.,  2  ^rams  caffein. 

May  6:  Urine  not  examined;  2.30  p.  m.,  2.5  grams  caffem  given  by  mouth;  4  p.  m., 
slight  tremor,  no  other  symptoms. 

May  7:  No  examination  of  urine,  no  symptoms  observed;  4  p.  m.,  2.5  grams 
caffem. 

May  8:  9  a.  m.,  found  dead,  urine  collected  since  last  dose  of  caffein  was  given 
did  not  contain  any  sugar  or  albumin,  the  amount  of  caffein  fed  to  this  dog  was  IS 
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grams  in  18  days.    Autopsy:  Post-mortem  examination  showed  marked  enteritis 
"with  hemorrhiaeic  spots  on  the  mucosa;  liver  and  kidneys  congested  and  dark  colored; 
lungs  congested;  thyroid  gland  was  greatly  enlarged  and  congested. 
Doat3: 

April  30:  Weight,  6.8  kilos;  the  diet  consisted  of  250  grams  rice,  250  grams  siigar, 
100  grams  cracker  meal,  and  100  grams  of  meat.  On  May  3  his  weight  was  7  kilos. 
He  received  1  gram  of  caffein  by  mouth  at  12  noon.  At  2  p.  m.  he  vomited  and 
tremors  were  observed.  The  next  day^  Mav  4,  tremors  were  still  present  though  less 
pronounced.  Examination  of  the  urme  for  suear  and  albumin  was  negative;  on 
May  4, 1  gram  caffein  was  eiven  again  and  repeated  on  Mav  5.  On  this  date  his  general 
condition  was  not  good — dog  had  no  appetite  and  refused,  to  take  caffein.  As  the  dog 
lost  10  per  cent  of  nis  weight  he  wasput  on  a  meat  diet  exclusively  and  the  dose  of 
<»iffein  was  reduced  to  0.5  gram.  He  became  sick  afler  the  second  dose,  and  the 
administration  of  caffein  was  therefore  discontinued.  It  was  resumed  after  five  days 
and  the  caffein  was  administered  in  increasing  amounts,  i.  e.,  on  May  18,  0.5  gram* 
Kay  19,  0.5;  May  20, 1;  May  21, 1  gram  in  two  doses  of  0.5  each,  given  at  intend  of 
one  hour;  May  22,  1  ^nm.  Dog  became  irritable,  but  no  other  symptoms  were 
observed.  The  administration  of  caffein  was  omitted  the  next  day.  On  the  follow- 
ing day  when  the  same  dose  of  caffein  was  given  there  was  again  marked  irritabglUty 
and  tremors.  The  experiment  was  therefore  discontinued. 
Dog  tt.     Male  bulldog. 

June  24:  Dog  weighed  13.7  kilos.  Diet  consisted  of  meat  exclusively:  1  gram 
caffein  was  given  by  mouth;  diarrhea  developed;  no  caffein  was  given  tor  three 
days. 

June  28:  Dog  weighed  13.6  kilos^  1.5  grams  caffein  given  at  10  a.  m. 
June  30:  1.75  grams  caffein  administered. 

July  2:  Dog  weighed  13.5  kilos;  2  grams  caffein  or  0.15  gram  per  kilo,  caused  well- 
marked  thirst,  but  did  not  produce  any  other  symptoms. 
Dog  to.    Female: 

May  12:  Weight,  7.7  kilos.  Fed  liberal  carbohydrate  diet,  consisting  of  rice,  100 
grams;  sugar  100  grams;  meat  and  cracker  meal,  a  sufficient  quantity  to  flavor  the 
food. 

May  14:  Weight,  7.7  kilos.  Examination  of  urine  for  albumin  and  sugar  gave 
ncttanve  results.    Urine  was  acid  to  litmus. 

Stay  17:  Weight,  7.4  kilos.  Three  hours  after  it  was  fed  the  dog  received  0.5 
sram  caffein  by  mouth.  The  test  of  the  urine  the  next  day  for  sugar  was  n^^ative. 
Dut  a  trace  of  albiunin  was  present.  It  will  be  noticed  that  the  doses  were  incr^isea 
gradually  and  that  symptoms  were  observed  onlv  after  the  fourth  dose  of  0.1  p;ram 
per  kilo.  Later  meat  was  substituted  for  the  carbohydrate  diet  and  the  administra- 
tion of  caffein  was  stopped  for  four  days.  At  the  end  of  this  period  100  mg  caffein 
per  Idlo  was  fed  daily  lor  %yQ  days,  and  the  dose  was  then  verv  gradually  increased. 
Diarrhea  occurred  twice,  but  no  other  symptoms,  the  second  attack  having  lasted 
a  few  days.    The  following  is  a  complete  record  of  the  experiment: 

May  19:  0.5  gram  caffein  11.45  a.  m. 

May  20:  0.75  gram  caffein  12.45  a.  m. 

May  21:  0.75  gram  caffein  12  noon;  no  sugar,  no  albumin  in  urine. 

May  22:  0.75  gram  caffein;  urine,  same  condition  found;  no  symptoms. 

May  23:  Weight,  7.5  kilos;  no  cajffein. 

May  24:  0.75  gram  caffein ;  tremors  very  marked. 

May  25:  No  caffein. 

May  26:  0.75  gram  caffein. 

May  27:  0.75  gram  caffein. 

May  28:  0.75  gram  caffein. 

May  29:  1  gram  caffein  in  two  doses  of  0.75  and  0.25  gram. 

May  30:  No  caffein. 

May  31:  No  caffein;  meat  diet  exclusively. 

June  1:  No  caffein;  meat  diet  exclusively. 

June  2:  No  caffein;  no  sugar,  no  albumin  in  urine. 

June  3:  Weight,  7.6  kilos;  0.75  gram  caffein;  no  sugar  in  urine. 

June  4:  Weight,  7.3  kilos;  0.75  gram  caffein;  no  sugar  in  urine. 

June  5:  Weight,  7.5  kilos;  0.8  gram  caffein;  drank  500  cc  water;  ate  200  grams  meat. 

June  6:  Weight,  7.4  kilos;  0.8  gram  caffein;  500  cc  urine;  dran^  500  cc  water;  ate 
200  grams  meat:  no  symptoms. 

June  7:  Weignt,  7.7  kilos;  0.8  gram  caffein  10  a.  m.;  400  cc  urine,  500  cc  water,  200 
grams  meat.  ^ 
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June  8:  Weight,  7.5  kilos;  0.9  gram  caSein,  450  cc  urine,  1  p.  m.;  20Q  grams  meat, 
500  cc  water. 

June  9:  Weight,  7.6  kilos:  0.9  gram  ca£fein,  1  p.  m.;  500  cc  water,  200  grams  meat 
and  bone  dust;  diarrhea  ana  restTeesnesB  all  afternoon. 

June  10:  Weight,  7.6  kilos;  1  gram  cafiein,  500  cc  water,  200  grams  meat,  480  cc 
urine. 

June  11:  Weight,  8  kilos;  1  gram  caffein,  470  cc  urine,  500  cc  water,  200  grams  meat 

Jime  12:  Weight,  7.8  kilos;  1  gram  caffein,  710  cc  urine,  500  cc  water,  200^ grams 
meat. 

June  13:  450  cc  urine,  500  cc  water,  300  grams  meat. 

June  14:  Weight,  7.9  kilos;  1.2  grains  caffeih,  600  cc  water,  300  grams  meat,  490 
cc  urine. 

June  15:  -Weight  7.8  kilos,  500  cc  water,  300  grams  meat,  550  cc  urine. 

June  16:  Weight  8.0  kilos,  1.2  gram  caffein,  500  cc  water,  300  grams  meat,  bone  dust 
added  to  check  diarrhea. 

June  17:  500  cc  water,  300  grams  meat,  450  cc  urine,  diarrhea  continues,  bone  dost 
added. 

June  18.  Weight  7.8  kilos,  1.3  gram  ca£fein,  300  grams  meat,  500  cc  water,  300  cc 
urine. 

June  19:  Dos  very  thirsty,  drank  1  liter  of  water  and  ate  350  grams  of  meat;  960 
cc  mine  passed  during  the  past  24  hour. 

Junft  21:  Weightn7.5  kilos,  1.5  {(rams  caffein  given  at  10  a.  m.    At  2  p.  m.  convul- 
sions and  death.    This  dog  received  a  total  of  21.15  grams  caffein  in  25  doeee  during 
a  period  of  35  days,  which  amounts  to  an  average  of  ^  mg  per  kilo  daily. 
Dog  19,    Female  fox  terrier. 

May  13:  Weight  6.4  kilos.  Diet  consisted  of  rice,  100  grams;  sugar,  100  grams;  and 
a  sufficient  quantity  of  meat  and  cracker  meal  to  give  flavor  tt>  the  food.  Examina- 
tion of  the  urine  showed  a  trace  of  albumin  but  no  sunir.  The  urine  was  acid  to  litmus. 
Two  days  later  the  luine  was  alkaline  to  litmus.  There  was  still  a  small  amount  of 
albumin  but  no  sugar. 

May  17,  0.5  gram  caffein  was  given  by  mouth.  Examination  of  the  urine  collected 
the  next  day  still  showed  the  presence  of  albumin  and  the  absence  of  reducing  sub- 
stances.   The  dog  had  tremors.    Caffein  was,  therefcnre,  not  administered. 

May  19:  0.5  gram  caffein  was  given  by  mouth. 

May  20:  0.75  gram  caffein  was  fed  at  12.45.p.  m.  The  dog  vomited  during  the  night 
and  tremors  were  observed  the  next  morning.  The  urine  collected  was  examined 
for  albumin  and  sugar,  but  neither  was  found. 

May  21 :  12  noon,  0.75  gram  caffein  was  fed.  The  dog  wei^ied  6  kilos,  which  there- 
fore represented  a  loss  of  0.4  kilo.  Crrew  abnormally  tnirsty  and  lost  appetite,  but 
no  other  symptoms  of  caffein  poisoning  were  observed. 

May  22:  The  dog  was  again  given  0.75  gram  caffein  at  12  noon.  The  examinatioD 
of  the  urine  for  albumin  and  sugar  gave  negative  results.  The  dog  died  at  4.15  p.  m. 
The  fatal  dose  for  this  dog  was  therefore  0.125  gram  caffein  per  kilo,  and  the  total 
amount  of  caffein  ingested  in  six  days  amounted  to  3.25  grams,  or  0.54  gram  per  day, 
which  makes  90  mg  per  kilo. 
Dogil,     While  female  hull.  » 

This  dog  was  "kept  on  a  diet  exclusively  of  meat,  and  was  given  water  ab  libitum. 
From  0.5  to  0.6  grajn  of  caffein  was  administered  daily  for  seven  days;  the  doses  were 
then  increased  and  were  eiven  at  longer  intervals.  No  symptoms  of  the  effects  of 
caffein  were  observed  imtila  dose  of  1.5  gram  was  fed,  when  aiarrhea  was  noticed  on 
the  next  day.    In  the  following  record  the  details  of  the  experiment  are  given: 


Date. 

Weight. 

Caffein. 

Date. 

Weight. 

CafleiD. 

June? 

Kilos. 
12.5 
12.5 
12.5 
12.3 
12.3 
12.3 
12.3 
12.3 

Qrams. 
0.5 

.6 

.8 

June  16 

Eilot. 
12.7 
12.9 
13.4 
13.3 

^5 
13.5 

as 

June  8 

June  18 

1.0 

June  9 

June  21 

L2 

June  10 

June  24 

1.5 

June  11 

June  25 

.0 

Jane  12 

June  27 

1.5 

June  13 

June  30 

1.75 

June  14 

^Diarrhea. 
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July  2:  11.30  a.  m.,  2.0  gram  caffein  fed  by  mouth;  l.SO.p.  m.,  tetanus,  dog  died. 
The  total  amount  of  caffein  fed  to  dog  No.  A  out  of  the  25  days  of  the  experiment  was 
14.45  grams,  or  an  average  of  578  mg  per  day,  which  amounts  to  about  42  to  43  mg  per 
kilo  of  body  weight. 

Notwithstanding  the  diversity  in  the  method  of  experimentation,  there  was  a 
striking  uniformity  in  som^  of  the  results  obtained.  All  the  experiments  of  the  series 
showed  absence  of  cumulative  action  of  caffein.  The  experimental  evidence  pre- 
sented indicates  that  moderately  large  doses  may  be  given  at  intervals  of  about  24 
hours  without  inducing  any  symptoms  of  nervous  or  any  other  disturbance.  This  is 
illustrated  in  the  tests  on  dog  11,  which  were  preliminary  in- character.  In  this  sub- 
ject 100  to  150  mg  of  caffein  per  kilo  were  ingested  daily  for  several  days  without 
showing  any  changes.  Later  in  the  course  of  the  experiment,  after  larger  doses  were 
g;iven,  mild  symptoms  only,  such  as  tremors,  were  observed.  Additional  evidence  of 
the  absence  of  cumulative  action  of  caffein  was  furnished  by  the  results  of  the  following 
experiments: 

Dog  23  received  142  mg  of  caffein  per  kilo  on  three  successive  days.  His  general 
condition  indicated  that  these  amounts  of  caffein  were  toxic,  but  he  survived.  In 
another  series  of  tests,  made  after  he  was  allowed  to  rest  a  few  days,  he  again  failed  to 
show  any  cumulation  6f  the  drug,  as  he  survived  this  time  a  series  of  tests  of  longer 
duration  than  the  first. 

A  much  better  illustration  of  the  absence  of  cumulative  action  of  the  drug  is  fur- 
nished by  the  experiments  on  dog  No.  20.  In  this  case  100  to  125  mg  of  caffein  per 
kilo,  given  on  10  consecutive  days,  did  not  cause  any  marked  effects.  Diarrhea  and 
restlessness  were  the  only  symptoms  observed.  These  experiments  therefore  show 
that  the  elimination  and  decomposition  of  caffein  are  apparently  effected  by  the  body 
within  twenty-foiur  hoiurs  or  thereabouts. 

Experiments  on  dog  19,  however,  form  an  exception — the  third  dose  of  125  mg  caf- 
fein per  kilo  having  proved  fatal.  The  very  low  protein  content  of  the  diet  of  this 
dc^  suggests  itself  as  a  possible  cause  of  the  lower  resistance  to  caffein  of  this  subject. 
But  it  may  be  observed  that  the  same  diet  was  furnished  to  dog  20,  which  stood  such 
amounts  of  caffein  much  longer.  The  presence  of  a  trace  of  albumin  in  the  urine  of 
dog  19  is  likewise  inadmissible  as  a  cause  of  the  difference  in  the  toxicity  of  caffein 
in  this  dog,  for  the  urine  of  dog  20  likewise  contained  a  trace  of  albumin.  The  alkaline 
reaction  of  the  urine,  together  with  the  fact  that  the  first  dose  of  only  60  mg  of  caffein 
per  kilo  induced  symptoms  of  toxicity,  suggests  the  presence  of  an  abnormal  condition 
which  in  all  probability  was  the  cause  of  the  death  of  this  subject  under  the  conditions 
indicated. 

'  In  a  large  number  of  experiments  on  caffein  performed  in  this  laboratory  it  has  been 
observed  that  symptoms  due  to  caffein  often  disappeared  when  the  administration  of 
the  same  dose  of  the  drug  was  continued.  Thus  dog  19  vomited  when  the  amount  of 
caffein  was  increased  to  125  mg  per  kilo.  When  this  amoimt  was  repeated  the  next 
day  there  was  no  vomiting.  Similar  observations  were  made  on  dogs  11  and  23,  also 
on  other  dogs.  No.  22  developed  diarrhea  at  first;  when  the  administration  of  caffein 
wi^s  resumed  several  days  later,  however,  there  was  no  diarrhea.  ^In  other  experi- 
ments performed  in  this  laboratory,  symptoms  of  nervous  irritability  induced  by 
caffein  disappeared  on  continued  treatment. 

It  was  interesting,  therefore,  to  inquire  whether  resistance  to  caffein  would  be 
increased  by  the  continued  administration  of  progressively  larger  amounts  of  the  drug. 
When  doeee  of  150  and  over  were  fed,  the  intervals  allowed  were  usually  longer  than 
24  hours.  Two  and  sometimes  three  days  were  pennitted  to  elapse  between  two  suc- 
cessive doeee.  This  was  done  in  order  to  allow  time  for  recovery  from  possible  changes 
induced  by  larger  doses  of  caffein,  and  thus  prevent  the  summation  of  effect.  In  Uie 
experiments  considered,  therefore,  Nos.  11,  23,  20,  and  19,  the  toxicity  of  caffein  does 
not  seem  to  be  greater  than  in  the  experiments  on  acute  caffein  intoxication  in  the 


Digitized  by 


Google 


80  THE  TOXICITY  OF   CAFFEIN. 

dog.  It  was  thought,  however,  that  the  large  initial  doees  or  the  quick  change  to  laige 
doeee  when  the  amounts  used  in  the  beginning  were  small,  might  have  something  to 
do  with  failure  to  induce  a  marked  degree  of  tolerance.  The  experiment  cm  dog  21 
was  therefore  carried  out  by  giving  from  40  to  60  mg  per  kilo  for  eight  days,  and  then 
increasing  the  dose,  but  tolerance  could  not  be  induced,  as  is  shown  in  the  protocol 
to  the  experiment. 

Sebibs  B. 

According  to  the  studies  of  Chittenden,**  low  protein  diet  improves  the  general 
metabolism  of  the  body,  fatigue  is  diminished,  and  bodily  vigor,  therefore,  corre- 
spondingly increased.  The  expectation  is,  therefore,  justified  that  the  defense  of  the 
oiganism  against  deleterious  substances  introduced  into  the  body  is  much  improved 
by  such  a  diet,  thus  increasing  its  resistance  to  poisons.  Hunt's  experiment  on  this 
subject,  also  quoted  by  Chittenden,  lends  support  to  this  view.  He  found  that  mice 
fed  on  carbohydrates  chiefly,  or  on  foods  containing  only  a  small  amount  of  protein, 
were  more  resistant  to  acetonitril.  It  was  interesting,  therefore,  to  inquire  whether 
the  toxicity  of  caffein  differs  under  similar  conditions  of  diet. 

A  fixed  diet  of  the  same  calorific  value  was  provided  for  all  dogs  of  this  series,  but 
the  protein  content  for  three  of  the  animals  was  approximately  one-third  of  the  amount 
usually  fed  to  dogs.  Caffein  was  at  first'administered  subcutaneously,  but  all  the  dogs 
on  a  low  protein  diet  developed  abscesses  at  the  site  of  injection,  while  none  of  those 
on  high  protein  diet  showed  a  local  reaction.  Feeding  by  mouth  was  then  Yiegan 
and  continued  throughout  the  experiment  in  each  case.  The  inidal  dose  was  50  mg 
per  kilo,  which  was  given  daily  for  seven  to  nine  days.  It  was  then  increaeed  pro- 
gressively by  25  mg  per  kilo;  75  mg  per  kilo  were  administered  for  one  to  two  days, 
100  mg  for  two  to  three  days,  125  mg  for  one  to  two  days,  150  mg  for  one  to  two  dajB, 
and  a  single  dose  of  175  mg.  It  will  be  remarked  that  sometimes  an  interval  of  one 
day  had  to  be  allowed  during  which  no  caffein  was  fed. 
Dog  30.    Black  and  tan  hounds  male. 

The  dog  was  under  observation  for  about  eight  weeks  before  the  experiment  was 
begim  and  had  received  a  high  protein  diet.  He  was  then  given  50  mg  caffein  for  nine 
consecutive  days.  On  the  tentn  day  the  dose  was  increased  to  75  mg  per  Idlo.  As  no 
symptoms  developed,  this  dose  was  mcreased  to  100  mg  per  kilo,  and  was  fed  one  day 
apart.  It  was  then  raised  to  125  mg  per  kilo.  For  the  first  time  since  the  dru^  was 
fed,  symptoms  appeared'  they  were  noticed  a  few  hours  after  feeding  and  persisted 
during  the  next  day.  Although  the  appetite  was  good,  no  caffein  was  given  on  tiiis 
day.  On  the  following  day  this  dose  was  repeated.  As  the  symptoms  were  not  serioos, 
150  mg  per  kilo  were  given  daily  for  the  next  three  days,  until  175  mg  per  kilo  was 
reached.  This  dose  proved  fatal  within  six  hours.  Record  of  experiment  follows: 
.  October  9 :  Weight,  9  kilos,  on  full  nitrogen  diet,  received  daOy  0.724  gram  nitroeeQ 
per  kilo  or  87  calories  per  kilo,  received  18  grams  meat  per  kilo,  4  grains  lard  per  kib, 
3  grains  carbohydrates  per  kilo,  bone  dust,  ad  libitum. 

November  3:  Weight,  9.10  kilos. 

November  10:  Weight,  9  kilos. 

November  20:  Weight,  9.55  kilos. 

November  29:  Weight,  8.70  kilos. 

December  6,  7,8,  and  9:  Received  subcutaneously  22  cc  2  per  cent  caffein.  Condi- 
tion good,  site  of  injection  normal. 

December  10.  11,  12,  13,  and  14:  Received  0.4375  gram  caffein  by  mouth  equal  to 
0.050  gram  per  kilo,  no  symptoms,  appetite  and  general  condition  good. 

December  15:  11.30  a.  m.,  received  0.6563  gram  caffein  by  mouth,  or  0.75  gram  per 
kilo,  no  Bvmptoms,  appetite  good,  condition  excellent. 

December  16:  11  a.  m.,  received  0.870  gram  caffein  by  mouth,  or  0.1  gram  per  kilo, 
weight  8.70  kilos,  no  symptoms. 

December  17:  No  caffein  given. 

December  18:  Received  0.870  |[ram  caffein,  or  0.1  gram  per  kilo,  no  symptoms. 

December  20:  2.45  p.  m.,*  received  1.0875  grams  c&ein,  or  0.125  per  kilo;  4  p.  m., 
ate  food  readily,  seemed  very  uncomfortable  and  sick. 

December  21:  9  a.  m.,  stiffness  in  muscles,  but  no  other  symptoms,  appetite  good, 
no  caffein  given. 
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December  22:  11  a.  m.,  received  1.0875  grains  caffein,  or  0.125  gram  per  kilo;  3  p.m., 
depreeeed  in  spirits  and  sick,  but  no  other  symptoms  observed. 

December  2»:  11.30  a.  m.,  received  1.305  grams  caffein,  or  0.150  gram  caffein  per 
kilo;  1.30  p.  m.,  apparently  quite  sick,  but  no  other  symptoms,  had  good  appetite. 

December  24:  10  a.  m.,  received  0.175  gram  caffein  per  kilo;  4  p.  m.,  when  about 
to  be  fed  fell  over  and  died;  no  autopsy. 

The  total  amoimt  of  caffein  given  dog  30  was  11.3458  grams,  administered  for  a  period 
of  eighteen  days.  The  average  daily  amount  per  kilo  was  therefore  72  mg.  The  feces 
became  offensive  when  the  amounts  of  caffein  were  increased  to  75  mg  per  kilo.  It 
will  be  observed  that  in  this  dog  the  appetite  was  uniformly  good  until  the  day  of  his 
death.  Whether  or  not  this  is  che  cause  of  his  resistance  to  caffein  will  be  discussed 
later. 
Dog  St.    WJnUt  male,  young. 

Although  he  was  growing  rapidly  this  dog's  weight  was  constant,  but  he  looked 
anemic.  He  received  a  hl^  protein  diet  tmtil  December  3,  when  the  rations  were 
increased  by  one-third.  This  aog  was  imder  observation  from  October  26  to  December 
6  when  the  administration  of  caffein  was  b^un.    He  then  received  50  mg  caffein 

Ser  kilo  daily  for  nine  days  consecutively  without  showing  any  effects,  when  the 
oee  was  increased  to  75  mgper  kilo,  then  to  100  mg  per  kilo.  This  dose  was  further 
increased  to  150  mg  per  MIo  without  causing  symptoms,  which  was  rei>eated  the 
next  day.  No  symptoms  haviiu^  been  observed  after  such  amotmts  of  caffein,  175  mff 
per  kilo  were  fed.  This  dose,  however,  proved  fatal  within  two  hours.  Record  (3 
experiment  follows: 

October  26:  Weight,  6.90  kilos. 

November  3:  Weight,  6.90  kilos. 

November  10:  Weight,  6.90  kilos. 

November  20:  Weight,  6.90  kilos. 

November  29:  Weight,  6.55  kilos. 

December  3:  Put  into  cage,  diet  increased  one-third. 

December  6,  7,  8,  9:  Weight  6.30  kilos;  12.30  p.  m.,  received  16  cc  2  per  cent  caffein 
by  subcutaneous  injection  in  back,  no  symptoms  of  any  kind  noticed,  site  of  injection 
normal. 

December  10, 14:  0.05  gram  caffein  per  kilo. 

December  15:  Received  0.4725  gram  caffein  by  mouth,  no  symptoms. 

December  16:  Received  0.655  gram  caffein,  0.100  gram  per  kilo. 

December  17:  No  caffein  given. 

December  18:  Received  0.655  gram  caffein  daily,  0.100  gram  per  kilo,  no  symptoms. 

December  20:  Received  0.818§  gram  caffein,  0.125  gram  per  kilo,  no  symptoms, 
appetite  Rood. 

December  21:  Received  0.9825  gram  caffein,  0.150  gram  per  kilo,  somewhat  imcom- 
fcvtable,  no  other  symptoms. 

December  22:  Rieceived  0.9825  gram  caffein,  0.150  gram  per  kilo,  no  symptoms 
except  some  uneasiness. 

December  23:  9  a.  m.,  no  symptoms,  appetite  g;ood ;  11.30  a.  m.,  received  1.146  grams 
caffein,  0.1759  gram  per  Idlo;  1.30  p.  m.,  died  while  making  an  effort  to  get  out  of  cage, 
tonic  contraction  of  limbs  observed  before  death. 

The  amount  of  caffein  received  during  the  entire  experimental  period  was  9.2223 
grams,  or  an  average  per  day  approximately  of  80  mg  per  kilo,  and  therefore  10  per  cent 
more  than  dog  No.  30  received.  It  will  be  observed  that  the  appetite  in  doc  No.  32 
was  likewise  uniformly  ^od,  and  that  he  received  a  very  high  protein  diet  which  was 
also  of  a  very  high  calorific  value. 

AiUopgy  {dog  St). — Stomach  presented  a  severe  inflammation  of  the  mucosa,  espe- 
cially in  the  fundus  and  pyloric  portions.  The  fi^astritis  was  more  marked  in  pyloric 
portion,  and  the  inflammatory  condition  extended  along  the  whole  course  of  small 
intestines,  which  presented  numerous  hemorrhagic  areas,  and  a  thick  catarrhal  exudate 
on  the  mucosa.  The  lai^e  intestine  contained  quite  a  large  number  of  parasites, 
probably  roimd  worms.  The  liver  was  enlarged  and  the  gall  cyst  well  filled.  The 
spleen  was  also  considerably  engorged,  kidneys  appearea  normal,  other  organs  all 
appeared  normal. 
Dog  SI.    Black  spaniel,  male. 

This  dog  had  been  imder  observation  one  month  previous  to  the  experiments  with 
caffein.  The  usual  initial  dose  was  then  administered  for  nine  days.  There  were  no 
signs  of  local  irritation  when  the  drug  was  given  subcutaneously,  but  symptoms  of 
toxicity  werepresent.  These  disappeared,  however,  when  the  drug  was  administered 
by  mouth.  Tne  dose  was  therefore  mcreased  to  75  mg  per  kilo.  This,  as  will  be  seen, 
proved  fatal  within  six  hours.    High  nitrogen  diet,  same  as  No.  30. 

November  3:  Weight  10.250  kilos. 

18694*'— Bull.  148—12 6 
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November  10:  Weight,  10.25  kiloe. 

November  20:  Weight,  10.30  kiloe. 

December  1:  Put  in  cage. 

December  6,  7,  8,  9:  Weight,  10.20  kilos;  received  26  cc  2  per  cent  cafifein  subca- 
taneously,  site  of  injection  normal. 

December  6:  Very  restless  and  excited,  whined  when  handled  as  though  muscles 
were  sore,  appeared  to  be  sick. 

December  10-14:  Condition  good,  received  0.51  gram  caffein  by  mouth  daily,  no 
noteworthy  symptoms,  appetite  continues  good,  somewhat  restless  at  intervals. 

December  15:  11.30  a.  m.,  received  0.765  gram  caftein  per  mouth  (0.075  gram  per 
kilo);  2  p.  m.,  depressed  in  spirit,  seemed  sick  and  unconuortable;  4.15  p.  m.,  when 
about  to  feed,  animal  jumpea  up,  then  fell  back  dead. 

Autopsy  (dog  SI):  Limgs  counted ^  heart  filled  with  blood  and  contained  pmall 
amount  of  blood-stained  fluid  in  pericardial  sac.  Liver  de^ly  congested,  soft  and 
friable;  gall  bladder  distended  with  bile;  kidneys  showed  inflammation  of  cortex; 
spleen  pale,  normal  in  size  and  consistency;  stomach  practically  empty,  the  mucosa  of 
tne  pyloric  nortion  exhibited  severe  gastritis,  with  thick  catarrhal  exudate.  This 
catarrhal  inflammation  extended  through  the  duodenum;  remaining  portion  of  email 
intestine  showed  mild  inflammation;  laige  intestine  appeared  practically  ncomal. 
The  total  amount  of  caflein  received  by  dog  31  during  10  d&ys  was  5.395  mg,  or  a  daily 
average  of  53.9  me  per  kilo.  This  unusually  low  resistance  to  cafifein  (which  was 
practically  the  only  case  in  all  the  experiments  on  dogs  presented  in  this  reoeaich) 
Bugeests  the  presence  of  some  abnormal  condition.  The  bloody  exudate  in  the  peri- 
caraial  cavity  indicating  pericarditis,  which  is  likely  to  induce  secondary  chan^  of 
cardiac  muscle,  may  be  considered  as  a  possible  cause  of  the  increasea  toxicity  of 
caflein  in  this  case. 
Dog  £9.     Male  fox  terrier^  black. 

This  dog  was  kept  on  a  low  nitrogen  diet  for  nearly  five  weeks  before  the  feeding  of 
cafifein  was  begun.  The  administration  of  50  mg  of  caffein  per  kilo  was  then  earned 
on  for  eight  days  without  showing  any  symptoms  of  toxicity.  The  usual  increase  of 
dose  was  then  given — 75  mg  per  kilo — which  was  followed  by  a  manifestation  of 
symptoms.  Further  increase,  however,  to  100  mg  per  kilo  had  no  visible  efifect 
Nevertheless  it  was  considerea  advisable  to  suspend  the  feeding  of  cafifein  for  one  day. 
The  same  amounta  were  then  repeated  on  two  consecutive  days.  No  symptoms  having 
been  observed,  125  m^  per  kilo  were  given.  As  symptoms  of  toxicity  and  especially 
loss  of  appetite  were  observed,  the  dog  was  not  given  any  caffein  the  next  day.  Since 
his  appetite  had  now  improved ,  the  experiment  with  laiger  doses  was  resumed .  Death 
followed  after  the  second  dose  of  150  mg  per  kilo.    Protocol  follows: 

Weight,  9.90  kilos.  One-third  nitrogen  diet.  Receives  0.269  gram  nitrogen  per 
kilo  (88.269  calories  per  kilo). 

November  3:  Weight,  9.85  kilos. 

November  10:  Weight,  9.55  kilos. 

November  12:  Weight,  9.40  kilos. 

November  29:  Weight,  9.85  kilos. 

December  6:  Weight,  9.90  kilos;  11.35  a.  m.,  received  25  cc  2  per  cent  cafifein  solu- 
tion by  subcutaneous  injection  in  back;  4  p.  m.,  no  symptoms,  appetite  good. 

December  7-9:  Received  25  cc  caffein  2  per  cent  solution— subcutaneous  injection, 
no  symptoms,  area  of  injection  inflamed  and  swollen. 

December  10,  13:  Site  of  injection  showed  increased  inflammation,  received  0.495 
gram  caffein  (50  mg  per  kilo)  in  30  grams  meat  daily  without  showing  any  symptomfl. 

December  14:  12  noon,  received  0.7425  gram  caffein  by  mouth  (0.075  per  kilo);  2.30 
p.  m.,  restless  and  imeasy. 

December  15:  11.30  a.  m.,  received  0.7425  gram  caffein  by  moiith;  2  p.  m.,  depressed 
in  spirits,  although  continues  to  have  good  appetite. 

December  16:  Weight,  9.50  kilos;  3.15  p.  m.,  received  0.9509  gram  caffein  by 
mouth;  4.50  p.  m.,  no  syinptoms. 

December  17:  Animal  rested. 

December  18:  Received  0.950  gram  caffein  by  mouth,  no  symptoms. 

December  19:  Received  0.9509  gram  caffein  by  mouth,  no  symptoms. 

December20:  2.45 p.m.,  received  1.1875 grains  caffein  (0.125 gram  per  kilo);  4  p.m., 
restless  and  quite  sick;  ate  only  a  little  food. 

December  21:  9  a.  m.,  still  uncomfortable,  allowed  to  rest,  no  caffein  given,  grad- 
ually recovered  appetite. 

December  22:  11  a.  m.,  received  1.875  grains  caffein;  3  p.  m.,  seemed  sick,  but 
showed  no  other  s3rmptoms.  appetite  &ir. 

December  23:  9  a.  m.,  snowed  no  sjrmptoms  from  the  day  before,  ate  food  grad- 
ually, seemed  sick;  11.30  a.  m.,  received  1.425  grams  caffein  (0.150  gram  per  kilo);  1.30 
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p.m.,  looked  and  behaved  as  if  very  sick,  no  other  symptoms;  3.45  p.  m.,  in  attempting 
to  get  out  of  box  fell  over  on  back,  had  convulsions,  whined,  dyspnoea,  died  within  30 
seconds. 

Autopsy:  Stomach  exhibited  mild  inflammation;  small  intestine  inflamed  and  hem- 
orrhagic areas  on  mucosa;  liver  engorged  and  friable;  spleen  normal;  kidneys  slightly 
congested;  other  organs  appeared  normal.  The  total  amount  of  caffein  fed  to  Doff  29 
was  12.135  grams,  which  was  given  in  18  days.  The  average  daily  amount  per  kilo 
was  therefore  67.68  mg. 
Dog  28,     Male  fox  terrier. 

Low  nitrogen  diet  was  b^;\m  about  four  weeks  before  the  feeding  of  caffein;  50  mg 
of  caffein  was  then  fed  for  seven  consecutive  days.  Partial  loss  of  appetite  was 
observed  after  the  first  dose.  As  the  experiment  progressed  the  desire  for  food  steadily 
diminished,  and  the  feces  became  fetid.  S}anptoms  of  intoxication  manifested  them- 
selves early  in  the  experiment,  and  vomiting  occurred  after  the  fourth  dose.  The 
dog  was  then  put  on  a  diet  exclusively  of  meat.  After  an  intermission  of  10  days  109 
mg  cafifein  per  kilo  were  given.  Since  there  were  no  symptoms,  the  following  day  the 
amount  was  increased  to  125  mg  per  kilo.    This  dose  proved  fatal  within  16  to  20  hours. 

This  dog  was  stout  and  strong,  weight  12.25  kilos,  received  daily  0.269  gram  nitrogen 
per  kilo  (88.269  calories  per  kilo). 

November  3:  Weight,  11.75  kdos. 

November  10:  Weight,  11.95  kilos. 

November  20:  Weight,  11.2^  kilos.  All  through  this  period  had  been  kept  in  a  cold, 
poorly  ventilated  room,  put  in  a  warm  room,  with  bedding  and  good  ventilation. 

November  29:  Weight,  11.95  kilos. 

December  1:  Put  in  a  cage;  weight,  11.95  kilos. 

December  6:  Weight,  11.95  kilos;  11.45  a.  m.,  received  0.050  gram  caffein  per  kilo; 
then  received  30  cc  2  per  cent  caffem  (0.6  gram)  in  practically  one  subcutaneous  injec- 
tion; 4.30  p.  m.,  ate  only  part  of  food. 

December  7:  10.25  a.  m.,  received  30  cc  2  per  cent  caffein  by  subcutaneous  injec- 
tion (0.6  gram,  or  50  mg,  per  kilo);  1.45  p.  m.,  seemed  sensitive  to  touch,  no  desire  for 
food,  depressed  in  spirit. 

December  8:  11.4i)  a.  m.,  received  30  cc  2  per  cent  caffein  by  subcutaneous  injec- 
tion (50  mg  per  kilo);  1  p.  m.,  depressed  in  spirit,  hind  legs  seemed  somewhat  stiff, 
no  desire  for  regular  food,  site  of  injection  inflamed. 

December  9:  10.50  a.  m.,  received  30  cc  2  per  cent  caffein  by  subcutaneous  injec- 
tion (50  mg  per  kilo);  2.30  p.  m.,  had  vomitea,  no  desire  for  regular  food. 

December  10:  Inflammation  of  site  of  injection,  and  swelling  very  pronoimced; 
2  p.  m.,  received  0.5975  gram  caffein,  or  50  mg  per  kilo,  with  30  grams  of  meat,  refused 
regular  food. 

December  11, 12:  Received  0.5975  gram  caffein  by  mouth,  no  symptoms  except 
refusal  of  r^:ular  food,  feces  fetid. 

December  13-22:  Put  on  meat  diet  exclusively,  high  temperature,  no  caffein, 
weight  10  kilos,  appetite  good,  feces  fetid. 

December  22:  12  m.,  weight  11  kilos,  received  1.2  grams  caffein  by  mouth  (0.109 
gram  per  kilo);  4  p.  m,,  no  symptoms. 

December  23:  11.30  a.  m.,  received  1.375  grams  caffein  (0,125  gram  per  kilo)  had 
vomited  food  of  the  day  before,  but  could  notice  no  caffein  or  capsules  in  vomit;  4.30 
p.  m.j  no  svmptoms,  seemed  in  good  spirits,  appetite  good,  had  no  meat  to  feed  with,  so 
was  given  low  nitrogen  feed,  of  which  he  ate  about  one-fourth. 

December  24:  9  a.  m.,  found  dead,  stiff,  and  cold.  The  most  striking  effect  of  caffein 
in  this  dog  is  the  increased  intestinal  putrefaction.  The  feces  were  still  fetid  10  days 
after  the  administration  of  caffein  was  stopped. 

Autopsy,  dog  28:  Stomach  partially  filled  with  an  imdigested  food  mass^*  mucosa 
showed  severe  inflammation;  small  intestines  presented  a  hemorrhagic  ententis  along 
whole  extent;  laige  intestine  also  exhibited  mild  inflammation;  liver  was  engorged; 
spleen  appeared  normal;  kidneys  slightly  congested  in  cortical  portion;  other  organs 
appeared  normal. 

Dog  24.  White  and  tan  male:  Was  put  on  low  protein  diet  six  weeks  before  experi- 
ments with  caffein  were  begun.  The  initial  dose  of  50  mg  per  kilo  was  then  admin- 
istered on  eight  consecutive  days.  The  only  symptoms  observed  during  this  period 
of  caffein  a&inistration  were  those  of  intestinal  putrefaction.  Fetid  feces  were 
noticed  already  after  the  first  dose  of  caffein  was  injected.  When  the  second  dose 
of  75  ms  of  canein  was  repeated,  mild  symptoms  appeared,  but  none  have  been 
observed  even  with  increased  amounts  of  caffein. 

One-third  nitrogen  diet.  Received  daily  0.269  gram  nitrogen  per  kilo  (88.269 
calories  per  kilo). 
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October  26:  Weight  11.15  kilo6.    Food  consisted  of  5  grams  cracker  meal  per  kilo; 


meat,  3  crams  per  Kilo:  lard,  2  grams  per  kilo;  tapioca,  10.69  grams  per  kilo.  'Kept  in 
a  cold,  damp  room  witn  poor  ventilation  until  November  20. 

November  3:  Weight,  11  kilos. 

November  10:  Weight,  10.75  kilos. 

November  20:  Weight,  10.55  kilos;  changed  to  a  warm  room,  with  bedding  and  good 
ventilation.  i 

November  29:  Weight,  10.85  kilos. 

December  1:  Put  into  a  cage. 

December  6:  Weight,  10.90  kilos;  11.25  a.  m.,  received  28  cc  2  per  cent  caffein  sub- 
cutaneously  in  side,  below  the  shoulders,  area  washed  with  alcohol  and  ether, 
approximately  50  mg  per  kilo  administered,  no  symptoms. 

December  7:  10.15  a.  m.,  received  28  cc  2  per  cent  caffein  injected  subcutaneoualy; 
feces  soft  and  very  fetid;  1  p.  m.^  depressed  in  spirit,  eyes  dull. 

December  9:  10.45  a.  m.,  received  25  cc  2  per  cent  caffein  solution  subcutaneously, 
feces  still  fetid,  site  of  injection  inflamed  ana  swollen,  no  other  symptoms. 

December  10:  Inflammation  of  area  of  injection  more  pronoimced;  2  p.  m.,  given 
0.5449  gram  caffein  and  30  grams  of  meat;  4  p.  m.,  fed,  no  symptoms,  feces  fetid. 

December  11:  12  m.,  given  0.5459  gram  caffein  and  30  grams  of  meat,  no  symptoms, 
feces  fetid. 

December  12, 13:  Given  0.5459  gram  caffein  daily,  without  noticing  any  symptoms. 

December  14:  12  m.,  received  0.817  gram  caffein  (75  mg  per  kilo);  2.30  p.  m.,  resUeas 
and  uncomfortable,  no  other  symptoms. 

December  15:  11.30  a.  m.,  received  0.8175  gram  caffein  by  mouth;  2  p.  m.,  depressed 
in  spirit,  acted  as  though  sick^  no  other  symptoms. 

December  16:  Weight,  11  kilos;  11  a.  m.,  received  0.100  gram  caffein  per  kilo  (1.100 
grams)  by  mouth,  no  symptoms. 

December  17:  Rested. 

December  18:  2.30  p.  m.,  received  1.100  grams  caffein  by  mouth;  4.  p.  m.,  no 
symptoms. 

December  19:  12  noon,  received  1.100  grams  caffein  by  mouth;  4.15  p.  m.,  no 
symptoms. 

December  20:  2.45  p.  m.,  given  1.375  grams  caffein  (0.125  gram  per  kilo);  3.45  p.  m., 
vomited — one  of  the  capsules  being  found  intact,  the  other  broken  open:  4  p.  m., 

S'ven  regular  diet,  containing  1.3757  granis  caffein  in  capsules,  ate  most  of  this  during 
le  night,  whined  at  intervals,  coordination  disturbed,  appeared  v^y  sick,  but 
exhibited  no  other  symptoms. 

December  21:  9  a.  m.,  found  dead,  stiff,  and  cold. 

The  total  amoimt  of  caffein  received  by  dog  24  was  between  10.109  and  11.484  gruns. 
As  one  of  the  capstdes  vomited  was  intact  and  the  other  broken  open,  the  amount  was 
probably  about  10.75  grams.  The  fatal  dose  in  this  case  was  undoubtedly  leas  than 
185  mg  per  kilo— somewhere  between  125  and  185  m^.  Autopsy  showed  heart  in 
diastole;  posterior  lobe  of  right  limg  deeplv  counted;  liver  engorged;  gall  csrst  filled; 
spleen  appeared  normal;  stomach  well  nlled  with  semifluid  mass;  pyloric  portion  of 
stomach  exhibited  a  severe  inflammation  of  mucosa;  mucosa  of  auodenum  ereadv 
inflamed  and  showed  hemorrhage  areas  and  catarrhal  exudate;  remainder  of  small 
intestine  also  exhibited  mild  mflanmiation;  kidneys  deeply  engoiged,  mesentery 
injected. 


A  comparison  of  the  fatal  doses  of  caffein  in  the  experiments  on  hig^  and  low  protein 
diet  does  not  show  much  difference  in  the  resistance  to  caffein,  since  175  mg  per  kilo 
proved  fatal  to  Nos.  30  and  32,  while  No.  29  died  after  receiving  150  mg  per  kilo,  and 
No.  24  received  125  to  185  mg  per  kilo.  Moreover,  No.  28,  which  was  changed  from 
low  to  high  protein  diet,  succiunbed  when  given  125  mg  per  kilo.  Observations  made 
during  the  experimental  period  indicate,  however,  greater  toxicity  of  caffein  in  the 
subjects  on  low  protein  diet.  Dog  30  showed  the  effects  of  the  drug  when  the 
dose  was  increased  to  125  mg  of  caffein  per  kilo,  while  in  No.  32, 150  mg  per  kilo  were 
received  without  any  manifestation  of  S3anptoms.  Dog  31,  which  was  likewise  <xi  a 
high  protein  diet,  is  evidently  an  exception,  and  its  low  resistance  to  caffein  may  be 
accounted  for  by  the  condition  found  at  autopsy.  In  other  dogs  on  low  protein  diet 
symptoms  of  intoxication  appeared  early  in  the  experiment.  In  Nos.  29  and  24  it 
was  observed  as  soon  as  the  amount  of  caffein  was  increased  to  75  mg  per  kilo.  In 
dog  28  the  first  dose  of  caffein  50  mg  per  kilo  was  toxic.  The  symptoms  of  gastro- 
intestinal disturbance  were  especially  marked  after  caffein  on  low  protein  diet.    This 
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may  seem  to  contradict  the  results  of  experiments  on  dogs  II  and  20,  in  which  laz^ger 
dosee  of  caCfein  failed  to  induce  symptoms  of  intoxication.  But  it  should  be  observed 
that  the  diet,  which  consisted  almost  exclusively  of  carbohydrates,  was  given  only 
during  the  administration  of  caffein,  while  in  the  experiments  of  series  B  the  sub- 
jects received^  low  protein  diet  for  several  weeks  before  the  administration  of  caffein 
was  b^^un,  and  it  was  continued  through  the  entire  caffein  period.  It  will  be  re- 
marked that  the  absence  of  cumulative  action  in  the  experiments  of  the  preceding 
series  was  also  observed  in  dogs  on  high  as  well  as  on  low  protein  diet.  The  appearance 
of  symptoms  after  smaller  doses 'of  caffein  in  the  latter  experiments  might  suggest 
cumulative  action,  but  since  these  symptoms  disappeared  on  continued  administration 
of  the  substance  cumulation  is  clearly  not  indicated.  The  gastrointestinal  lesions 
observed  on  post-mortem  examination  were,  it  will  be  recalled,  also  found  in  rabbits 
similarly  treated.  The  explanation  suggested  probably  applies  also  in  the  case  of 
dogs. 

Series  C. 

As  already  pointed  out  in  the  expermients  on  acute  toxicity  of  caffein,  young  growing 
dogs  are  probably  more  resistant  to  caffein  than  adults.    That  this  may  also  hold  true 
in  chronic  caffein  intoxication  seemed  indicated  by  the  following  experiments. 
Dog  S3,    Black  female  puppy.     Weight,  4  hUas,    Had  been  corUintumsly  cm  a  meat 

diet, 

December  22:  2.30  p.  m.,  received  0.69  grsun  of  caffein  (0.172  gram  per  kilo);  3.15 
p.  m. ,  no  symptoms  except  that  feces  were  fetid. 

December  23:  11.30  a.  m.,  received  0.79  gram  of  caffein  (0.197  gram  per  kilo);  1.30 
p.  m.,  no  S3rmptoms. 

December  24:  11  a.  m.,  received  0.87  gram  of  caffein  (0.2009  gram  per  kilo);  4  p.  m., 
no  symptoms. 

It  will  be  observed  that  the  only  effect  produced  in  dog  33  by  feeding  caffein  was 
increased  intestinal  putre^tion,  although  2.37  grams  of  caffein  were  given  in  three 
days.  Additional  data  on  the  effects  of  the  age  of  animals  on  the  resistance  to  caffein 
seemed^desirable.  The  following  experiments  were  therefore  carried  out.  Six  puppies 
of  the  same  litter  were  weaned  when  7  to  8  weeks  old  and  put  on  a  milk  diet.  Three 
of  them  received  this  diet  throughout  the  experimental  period.  Meat  was  substituted 
in  the  other  three  a  few  days  before  the  administration  of  caffein  was  begim,  and  was 
continued  until  the  end  of  the  experiment.  Caffein  was  given  by  mouth;  the  initial 
dose,  which  was  administered  for  several  days  and  then  gradually  increased,  being 
160  to  200  mg  for  each  dog,  except  one,  which  received  only  100  mg  per  kilo  for  several 
days  and  then  an  increased  amount. 
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An  intenniasion  of  a  few  days  (dunng  which  no  ca£fem  was  given)  was  allowed. 
This  was  done  on  account  of  some  studies  carried  on  at  the  same  time  on  the  effect  of 
caffein  on  certain  constituents  of  the  urine. 

PUP  NO.  1. 


Date. 

Weight. 

Food 
(milk). 

Treatment 

(2  percent 

oaflein). 

Symptoms. 

Apr.21 

GratM. 
1,460 
1,520 
1,450 
1,375 
1,420 
1,300 

1;J!S 

1,420 
1,430 
1,450 
1,515 
1,475 
1,406 
1,515 
1,535 
1,525 
1,630 
1,600 

1,400 
1,535 
1,460 
1,475 
1,545 
1,560 
1,555 
1,660 
1,460 
1,600 
1,565 
1,545 

f^ 

1,406 

ee, 
300 
300 
260 
260 
260 
250 
260 
260 
260 
260 
260 
260 
260 
260 
260 
250 
260 
260 
250 

250 
260 
800 
350 
260 
250 
260 
260 
260 
260 
250 
250 
250 
260 

260 

ee, 
lao 
lao 
lao 

10.0 

lao 

None. 
None. 
None. 
None. 
None. 

lao 

15.0 
l&O 
l&O 
22.0 

2ao 

20.0 

2ao 

23.0 

None. 

2&0 
None. 
None. 
None. 
None. 
None. 

25.0 
None. 
None. 
None. 
None. 
None. 

27.0 

27.0 

No  symptoms. 

Apr.  22 

Apr.23 

Do. 

Apr.24 

Do. 

Apr.  25 

Do. 

Apr.26 

Apr.27 

Apr.28 

Apr.20 

Pasmi  worms. 

Apr.30 

Do. 

Kyi  ::.::::::::.. 

No  symptoms. 

U9J^ 

Kyi:::::::::::.:. 

Do. 

May  4 

Do. 

May  5 

84wm8  dnU  fvnd  whines. 

May  6 

WltxinfSr 

May7 

No  symptoms. 

Ey8.:::::::::::.. 

MayO 

Diarrhea:  passed  wonns;  tiemor  and  rigidity  of 

Can  not  balance  itself;  continually  vomiting. 
Recovered  from  effects. 

May  10 

Mf^Vll 

May  12 

May  13 

In  good  condition. 

Unj  14 

May  15 

if^y16 

May  17 

Salivated  in  cage:  stiffness  of  mnscles. 

UfyU. 

Weak  and  stlffT  diarrhea. 

May  19 

No  symptoms. 

iff^y20. 

M^y  21    . , 

M^y^...   , 

Mf^y??. ,. 

Tremors;  gait  clumsy;  inooocdinatioa  of  moT»> 

ments. 
Diarrhea;  vomited;  weak  and  stiff;  found   dead 

May  24 

9a.m.  25th. 

AtUopi 
slight! 


I  Sunday. 

Marked  puhnonary  congestion;  liver  very  pale;  heart  wall   injected; 
.tion  of  stomach  and  intestines. 
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Date. 

Weight. 

Food 
(mUk). 

Treatment 

(2  per  cent 

oaflein). 

Symptoms. 

Apr.  21 

OmiM. 
1,350 
1,240 
1,250 
1.205 
1,220 
1,210 
1.210 
1,205 
1,200 
1,210 
1,220 
1,220 
1,235 
1,235 
1,235 
1,260 
i;235 
1,250 
1,165 
1,235 
1,300 

1,200 
1,215 
1,280 
1,300 
1,310 
1,310 
1,250 
1,245 
1,310 
1,325 
1,325 
1,325 
1,315 

ec. 
300 
300 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
-     200 
200 
200 
200 
200 
200 
200 
200 
200 

200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 

cc. 
6.0 
5.0 
7.5 
7.0 
7.0 

None. 

None. 

None. 

None. 

None. 

lao 
lao 

10.0 

lao 

17.0 
17.0 
15.0 
15.0 
18.0 
None. 
20.0 

None. 

None. 

None. 

None. 

None. 
20.0 

None. 

None. 

None. 

None. 

None. 
22.0 
22.0 

No  symptoms. 

Apr.22 

Apr.23 

Do. 

Apr.  24 

Do. 

Apr.  25 

Do. 

Apr.26 

Apr.27 

Apr.  28 

Apr.  29 

Passed  worms. 

Apr.30 

llayl 

No  symptoms. 

May  2 

May  3 

Do. 

May  4.:::. ::..::::: 

Do. 

May  5 

Whines. 

May  6.:::::;::.:::: 

Do. 

May? 

Diarrhea  and  worms. 

Mays.:::::::.::: 

Diarrhea. 

MayO 

Little  or  no  symptoms. 

No  symptoms. 

Salivated  in  cage;  refused  to  eat;  draws  np  hind 

Eyio.:.:: ::: : 

May  11 

May  12 

legs. 
Recovered. 

May  is 

In  good  condition. 

May  14 

May  15 

May  16 

May  17 

Salivated  in  cage;  stiff;  aU  symptoms. 
Weak  and  stiff. 

May  18 

May  19 

No  symptoms. 

May2o.:. .:..:.:::: 

May  21 

May  22 

May  23 

Somewhat  stiff. 

May  S::.. ..::.:::: 

Restless:  scratches  eyes:  sick. 

PUP  NO.  8. 


1,215 

300 

1,220 

300 

1,220 

200 

1,200 

200 

1,205 

200 

1,195 

200 

1,200 

200 

1,215 

200 

1,220 

200 

1,200 

200 

1,225 

200 

1,230 

200 

1,235 

200 

1,245 

200 

1,270 

200 

1,280 

200 

1,240 

200 

1,265 

200 

1,240 

200 

None. 
None. 
None. 
None. 
None. 
None. 


^< 


one. 

None. 

None. 
10.0 
10.0 
10.0 
10.0 
17.0 

17.0 

15.0 
15.0 
18.0 


yo  symptoms. 

Coughs  and  whines. 

I*assed  worms. 

Eyes  appear  dim  and  is  oonttnually  scratching 

them. 
Appears  restless  and  draws  up  hind  legs  when 

walking. 
Eyes  dim;  passed  worms;  diarrhea. 
Coughing  continually;  very  restless. 
12  noon;  salivated  in  cage;  passed  worms;  diarrhea; 

foaming  at  mouth;  can  not  balance  himself: 

rigidity  and  tremor  of  hind  legs.    2.15,  found 

dead. 


1  Urine  squeezed  from  bladder. 

AiUopsy:  Severe  pulmonary  congestion;  catarrhal  gastritis;  mild  enteritis  with 
small  hemorrhagic  areas  on  mucosa. 
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PUP  NO.  4. 


Date. 


Wel^it. 


Food. 


Treatment 

(2  per  cent 

oaflein). 


Symptoms. 


Apr.  28. 
Apr.  29. 
Apr.  30. 
Mijl.. 
May  2.. 
Mays.. 
May  4.. 
May5.. 


May6.. 
May?.. 
Mays.. 
May  9.. 
May  10. 
May  11. 
May  12. 
May  13. 
May  14. 
May  15. 
May  16. 
May  17. 
May  18. 
May  19. 
May  20. 
May  21. 
May  22. 
May  23. 
May  24. 
May  25. 
May  26. 
May  27. 


Orami. 
1,670 
1,670 
1,670 
1,000 
1,000 


1,720 
1,735 


1,760 
1,745 
1,710 
1,750 
1,750 
1,755 
1,730 
1,785 
1,835 
1,820 
1,835 
1,860 
1,855 
1,770 
1,765 
1,780 


1,785 
1,795 
1,630 
1,600 


300 
300 
300 
300 
300 
300 
300 
300 

Meat 
(fframt). 
00 
80 
180 
180 
180 
180 
180 
180 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 


lao 

None. 
None. 

lao 
lao 
lao 
lao 

15.0 
15.0 
15.0 
17.0 
17.0 
17.0 


2ao 

23.0 


No  symptxnns. 


Do. 

Do. 
Passed  worms. 
Feces  soft  and  black. 
Stiff;  loss  of  appetite. 
Loss  of  ^petite. 

Do. 
Restless. 

Feces  soft  and  black. 
Loss  of  ^petite. 

Loss  of  appetite;  threw  up  wonns. 
Loss  of  appetite:  worms;  cough;  diarrhea. 
Weak;  no  appetite;  diarrhea;  cough. 
Found  dead,  9  a.  m. 


Autopsy. -^Ljrog  uniformly  congested;  liver  deeply  congested;  heart  muscle  pale 
with  hemorrhagic  areasj  kidneys  pale  with  hemorrhagic  spots  on  surface  and  in 
cortex;  slight  catarrhal  inflammation  of  stomach  and  the  small  intestines. 
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Date. 


Weight. 


Food. 


Treatment 

(2  per  cent 

caflein). 


Symptoms. 


Apr.  28. 
Apr.  20. 
Apr.  ao. 

May  2.. 
Mays.. 
May  4.. 

May  5.. 


May  6.. 
May?.. 
Mfl^S.. 
M^9.. 
May  10. 
May  11. 
May  12. 
May  13. 
May  14. 
May  15. 
May  16. 
May  17. 
May  18. 
May  19. 
May  20. 
May  21. 
May  22. 
May  28. 
May  24. 
May  25. 
May  26. 
May  27. 
May  28. 
May  29. 
May  80. 
May  SI. 
Junel.. 
Jane  2.. 
Junes.. 


Onm$, 
1,746 
1,745 
1,750 
1,766 
1,766 


i,4go 

1,806 


1,816 
1,825 
1,770 
1,796 
1,806 
1,800 
1,720 
1,816 
1,846 
1,880 
1,816 
1,830 
1,886 
1,825 
1,860 
1,886 


1,820 
1,886 
1,840 
1,820 
1,840 
1,830 


1,770 
1,766 
1,760 
1,635 


300 
800 
300 
800 
300 
300 
800 
800 

Meat 

(ffnms). 
60 
80 
180 
180 
180 
180 
180 
180 
116 
116 
116 
115 
116 
116 
116 
116 
116 
116 
116 
116 
116 
116 
116 
116 
116 
116 
115 
115 


10  0 

None. 

None. 
10  0 
10  0 

•  lOO 
16.0 
l&O 
15.0 
16.0 
17.0 
17.0 
17.0 
2O0 
2O0 
28.0 
25.0 
26.0 

None. 

None. 

None. 
25.0 
27.5 
27.6 


No  symptoms. 


Do. 

Do. 
Loss  of  weight;  no  other  symptoms. 
No  symptoms. 
StifEness. 
No  symptoms. 
AUttlestifl. 
No  symptoms. 

Do. 
Do. 
Feces  soft  and  black. 

AUtttestiff. 


DIanbea;  stiff  In  hind  legs. 

Diarrhea  and  worms. 

Paralysed;  vomited;  died  at  8  p.  m. 
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PUP  NO.  6. 


DmU. 


Apr.  28. 
Apr.  29. 
Apr.  ao. 
lliiyl.. 
May  2.. 
Mays.. 
May  4.. 
May  6.. 


May  6.. 
May?.. 

Mays.. 
May  9.. 
May  10. 
May  11. 
May  12. 
May  13. 
May  14. 
May  15. 
May  10. 
May  17. 
May  18. 
May  19. 
May  20. 
May  21. 
May  22. 
May  23. 
May  24. 
May  25. 
May2«. 
May  27. 
May  28. 
May  29. 


Wd^t.  I    Food. 


OfMt. 


1,280 
1,290 
1,315 
1,830 


1,360 
1,S66 


1,396 
1,365 
1,340 
1,380 
1,«0 
1,425 
1,470 
1,485 
1,510 
1,500 
1,485 
1,480 
1,485 
1,495 
1,500 
1,500 


1,470 
1,465 
1,460 
1,460 
1,355 
1,270 


MUkicc). 
300 
SOO 
300 
300 
300 
300 
300 
300 

Utai 

(gnmi). 
60 
80 
180 
180 
180 
180 
180 
180 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 


Treatmoit 
(2  per  cent 


14.5 
None. 
None. 
14.5 
14.6 
14.6 
14.6 
19i5 
19.6 
19.6 
17.0 
17.0 
17.0 
200 

2ao 

23.0 
23.0 
23.0 


Symptoms. 


No  symptoma. 

Do. 
Do. 
Paaaad  worms. 

Feoes  loft  and  black; 

Scratches  her  eyes  and 


diani&ea. 
hertaO. 


Feoes  soft  and  black. 

Diarrhea  and  worms. 

Refused  to  eat  aU  food. 

Threw  op  worms,  stifl,  and  has  akin  over  both  eyes. 

Foimddead. 


Higheet  amount  of  caffeiix  given,  362  mg  per  kUo.    No  autopey. 

Examination  of  the  results  obtained  in  the  experiments  of  s^ies  C  shows  that 
young  and  growing  dogs  tolerate  large  amounts  of  cafifein.  In  four  subjects  d  Hm 
series,  Nos.  1,  2,  3,  and  6,  no  effect  was  observed  when  moderately  laige  amounts 
(160  to  200  mg  per  kilo  of  caffein)  were  fed.  Symptoms  were  noticed  only  when 
these  amounts  of  caffein  were  increased  from  50  to  60  per  cent.  The  other  two  dogs, 
Nos.  4  and  5,  of  this  series  were  less  resistant,  however,  to  caffein,  as  0.16  gram  of  tihe 
drug  per  kilo  induced  well-marked  symptoms.  Since  these  were  fed  meat,  while  Nos. 
1,  2,  and  3  received  milk,  the  difference  in  toxicity  may  be  due  to  the  diet  employed, 
but  No.  6,  which  likewise  received  a  meat  diet,  failed  to  show  the  effects  of  caffein 
when  200  mg  per  kilo  were  fed.  On  the  other  hand,  it  should  be  noticed  that  No.  1 
died  after  receiving  360  mg  per  kilo,  No.  2  survived  a  dose  of  334  mg,  while  No.  3  died 
after  a  dose  of  322  mg  per  kilo  of  caffein.  The  fatal  doses  for  Nos.  4, 5,  and  6  were  287, 
335,  and  300  mg  per  kilo,  respectively.  Although  the  differences  are  too  smsdl  to 
justify  any  definite  conclusion  regarding  the  effect  of  a  milk  diet  or  of  a  meat  diet  on 
the  toxicity  of  caffein,  the  results  nevertheless  suggest  a  reasonable  possibility  that 
caffein  is  more  toxic  to  yoimg  dogs  when  on  an  exclusively  meat  diet  than  when  fed 
milk.  It  is  perfectly  evident,  however,  that  the  resistance  to  caffein  in  either  case  is 
very  great,  almost  twice  that  of  adult  subjects.  As  shown  in  series  A  and  B,  125  to 
175  mg  per  kilo  proved  fatal  to  all  but  two  animals  in  these  experiments,  while 
symptoms  of  toxicity  appeared  after  much  smaller  doses.  In  other  respects  the 
behavior  of  yoimg  dogs  toward  caffein  was  the  same  as  that  of  the  adult.  In  neither 
case  was  cumulation  nor  tolerance  observed  under  the  conditions  of  these  experi- 
ments. The  findings  at  autopsy  were  likewise  similar,  as  gastro-enteritis  was  the 
chief  lesion  observed  on  macroscopic  examination.    It  might  be  mentioned,  however. 
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in  this  connection,  that  the  symptoms  of  caffein  intoxication  in  young  dogs  often 
presented  marked  differences  from  those  observed  in  those  of  more  advanced  age. 
The  resemblance  of  the  effects  of  caffein  in  young  puppies  and  in  rabbits  was  very 
striking.  In  both,  the  tonic  with  clonic  convulsions  were  observed  after  a  sufficient 
quantity  of  caffein  was  administered.  In  the  dogs  which  were  fully  grown  a  large 
dose  of  caffein  was  usually  followed  by  tonic  convulsions  and  almost  instantaneous 
death. 

Moderately  large  amounts  of  caffein  fed  daily  to  puppies  for  several  days — ^in  some 
cases  as  long  as  10  days— induced  mild  symptoms  only.  No  cumulative  effect  was 
observed  in  any  of  the  experiments  of  series  C.  There  seems  to  be  tolerance  of  certain 
functions  towajxl  caffein,  but  no  general  tolerance  of  the  body  could  be  obtained  in 
these  experiments.  Caffein  is  apparently  less  toxic  for  adult  dogs  on  high  than  on  low 
protein  diet.  In  young  and  growing  dogs  caffein  is  somewhat  less  toxic  when  milk, 
rather  than  meat,  forms  the  exclusive  diet.  Some  pathological  conditions  apparently 
increase  the  toxicity  of  caffein  also  in  dogs.  The  symptoms  of  caffein  intoxication 
observed  in  young  dogs  are  in  some  respects  different  from  those  in  full  grown  and  older 
animals,  and  resemble  those  noticed  in  rabbits. 

DISCXTSSIOH  OF  BESULTS. 

It  was  pointed  out  at  some  length  in  the  introduction  that  the 
toxicity  of  some  drugs  may  not  be  the  same  for  all  forms  of  life. 
This  observation  was  also  made  by  some  investigators  who  experi- 
mented with  caffein  on  different  species  of  animals.  Thus  Maurel " 
stated  that  caffein  is  twice  as  toxic  for  the  frog  as  for  the  rabbit  when 
administered  by  mouth.  Frohner's  *•  experiments,  on  the  other  hand, 
made  on  domestic  animals,  failed  to  show  great  differences  in  the 
toxicity  of  caffein.  According  to  this  observer,  horses  seem  to  be 
more  susceptible  than  cattle,  goats,  and  swine,  the  minimum  toxic 
dose  being  the  same  for  all  of  these,  while  the  resistance  of  the  dog  to 
caffein  is  about  midway  between  that  of  the  horse  and  the  other 
ftnimuls  mentioned.  It  may  be  remarked,  however,  that  Frohner  made 
only  13  experiments.  That  these  data  are  inadequate  for  the  forma- 
tion of  any  conclusions  as  to  the  toxicity  of  caffein  is  evident  since 
the  most  striking  effect  of  caffein  observed  in  the  work  herein 
reported  was  the  comparatively  wide  range  of  variation  in  the  re- 
sistance of  individuals  of  the  same  species  to  this  drug.  This  was 
foimd  to  be  the  case  even  when  the  conditions  of  experimentation 
were  approximately  uniform,  and  was  observed  whatever  the  mode 
of  adininistration  of  the  drug  employed.  The  toxicity  for  different 
individuals  also  varied  in  acute  as  well  as  in  chronic  intoxication. 
It  is  for  this  reason  that  the  number  of  tests  employed  were  often 
quite  large,  for  no  conclusions  of  any  value  could  be  drawn  without 
averaging  the  results  of  a  suflSciently  large  number  of  experiments. 
Furthermore,  it  is  to  be  borne  in  mind  that  the  action  of  a  drug  may 
differ  according  to  the  mode  of  its  introduction  into  the  body  and 
that  different  species  of  animals  may  vary  in  this  regard.  This  is 
especially  true  of  some  substances  when  given  by  mouth,  the  range 
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in  toxicity  for  certain  species  of  animak  being  much  greater  when 
thus  administered  than  when  injected  subcutaneously  or  intrave- 
nously. 

MaureFs  ^  investigations  are  of  interest  in  this  connection,  as  bk 
work  embraces  a  systematic  study  of  the  toxicity  of  a  large  number 
of  substances  in  the  rabbit,  pigeon,  and  frog  when  given  by  moutii, 
subcutaneously,  intravenously,  or  when  injected  into  the  muscles. 
According  to  this  investigator  the  range  of  variation  of  the  toxidty 
of  a  substance  is  widest  when  given  by  mouth.     Potassium  sulpho- 
cyanid,  for  example,  is  about  2.5  times  as  toxic  for  the  frog  as  for  the 
rabbit  when  given  by  mouth.     Quinin  hydrobromid  is  three  times  as 
toxic  for  the  frog  as  for  the  pigeon,  while  for  the  rabbit  it  is  twice  as 
toxic  as  for  the  pigeon.     When  given  by  hypodermic  injection  the 
toxic  dose  per  kilo  weight  is  practically  the  same  for  all  three  spedes. 
The  difference  of  resistance  according  to  the  mode  of  admimstratdon 
is  even  more  marked  for  spartein  sulphate.     When  given  by  mouth 
the  toxicity  for  the  rabbit  is  six  times  as  great  as  for  the  frog,  but 
when  injected  subcutaneously  the  toxic  dose  is  about  the  same  for 
the  rabbit  and  for  the  frog.     The  relation  of  the  mode  of  adminis- 
tration to  toxicity  is  further  shown  in  the  following  substfmces:  For 
the  rabbit  the  minimum  fatal  dose  per  kilo  of  quinin  hydrobromid  is 
1.5  grams  administered  by  mouth,  0.5  gram  when  injected  subcu- 
taneously, and  0.07  gram  by  the  intravenous  path,  while  strychnin 
sulphate  is  twice  as  toxic  administered  intravenously  as  subcuta- 
neously, and  six  times  as  toxic  as  when  administered  by  mouUu 
The  mode  of  introduction,  however,   does  not  always  affect  the 
toxicity  of  a  substance.     This  is  made  evident  by  the  action  of 
strychnin  on  frogs  in  which,  according  to  Maurel  *•,  the  toxic  dose  is 
the  same  whether  given  by  mouth  or  injected  into  the  subcutaneous 
tissues.    This  appears  to  hold  true  also  for  other  animals  as  demon- 
strated by  the  experiments  of  Hatcher  ^  on  the  cat,  in  which  he 
observed  that  strychnin  is  as  readily  absorbed  from  a  full  stomadi 
as  from  the  subcutaneous  tissues.    These  findings  are  extremely 
interesting,  especially  in  view  of  Maurel's  "  work  on  the  subject, 
according  to  which  he  finds  that  a  substance  is  much  less  toxic  when 
given  by  mouth  than  when  administered  by  hypodermic  injection 
or  intravenously.     That  this  generalization  does  not  admit,  however, 
of  imiversal  appUcation  is  made  evident  by  the  work  of  various 
experimenters.     Claude  Bernard  *®  observed  that  curara  is  as  poisonous 
for  the  pigeon  when  given  by  mouth  as  when  injected  subcutaneously, 
while  Zalesky  ^  foimd  that  samandarin  is  more  toxic  for  frogs  when 
introduced  into  the  stomach  than  by  injection  into  the  lymph  sacs. 
Our  experiments  with  caffein  likewise  show  that  Maurel's  generaliza- 
tion does  not  always  hold  good,  since  it  was  foxmd  in  experiments  with 
gray  rabbits  that  the  minimum  fatal  dose  is  but  moderately  greater 
by  mouth  than  by  the  subcutaneous  path. 
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Equally  interesting  is  the  observation  of  the  writer,  that  in  the 
guinea  pig  the  difference  in  the  toxicity  between  the  subcutaneous 
and  intraperitoneal  injections  is  very  slight,  while  in  the  cat  the 
toxicity  of  caffein  is  the  same  whether  given  by  mouth  or  injected 
into  the  subcutaneous  tissues,  and  is  markedly  less  when  injected  into 
the  peritoneal  cavity.  The  experiments  on  dogs  show  considerable 
variation  of  effective  dose  when  given  by  mouth,  but  the  interest- 
ing observation  was  made  that  the  toxic  dose  by  mouth  may  be 
smaller  in  some  cases  than  the  average  dose  by  subcutaneous  injec- 
tion. If  the  resistance  to  caffein  by  subcutaneous  injection  of  the 
different  species  of  animals  experimented  upon  in  the-present  research 
be  compared,  it  will  be  noticed  that  the  gray  rabbit  or  Belgian  hare, 
which  is  more  resistant  than  the  other  varieties  employed,  stands 
more  caffein  in  proportion  to  the  weight  of  the  body  than  the  other 
animals. 

Although  the  minimum  fatal  dose  was  found  to  be  somewhat  larger 
for  the  guinea  pig  than  for  the  gray  rabbit  when  caffein  was  injected 
intraperitoneally,  it  was  on  the  contrary  smaller  by  other  paths  of 
introduction,  and  approximated  quite  closely  the  minimum  fatal 
dose  for  rabbits  of  the  other  varieties.  Cats  as  well  as  dogs  were 
found  to  be  distinctly  less  resistant  to  caffein  than  the  iierbivora. 

There  are  a  number  of  factors  far  more  important  than  zoological 
differences  which  influence  the  toxicity  of  caffein.  Some  of  these 
are  age,  season,  and  pathologic  conditions.  As  these  factors  have 
already  been  dwelt  upon  in  their  appropriate  places,  further  discus- 
sion might  seem  unnecessary,  but  owing  to  their  importance  in  deter- 
mining the  action  of  a  drug,  emphasis  is  desirable.  Especially  is  this 
the  case  with  pathological  conditions  in  relation  to  toxicity.  While 
no  positive  proof  of  diminished  resistance  to  caffein  in  pathological 
conditions  was  obtained  by  subjecting  the  suggestion  to  experimental 
test,  it  was  observed  in  these  experiments  on  rabbits  that  death 
occurred  in  some  individuals  after  small  doses  which  are  usually  not 
even  toxic.  The  findings  at  autopsy  indicate  the  presence  of  patho- 
logical conditions.  The  same  was  observed  in  some  experiments  on 
cats  and  dogs.  It  is  extremely  probable,  therefore,  that  disease 
modifies  the  reaction  of  the  organism  to  caffein  as  well  as  to  other 
drugs.'* 

That  the  resistance  to  drugs  may  vary  according  to  the  age  of  the 
subject  has  been  maintained  by  a  number  of  pharmacologists.  Accord- 
ing to  Guinard,  **  young  dogs,  rabbits,  and  guinea  pigs  are  very  sus- 
ceptible to  morphin,  resembling  children  in  this  regard.**  The  mini- 
mum fatal  dose  for  these  animals  is  about  one-third  less  than  for  the 

•  A  case  of  accidental  poisoning  reported  recently  by  Wldrnra  (MOnioli,  Med.  Wooh.,  1911,  No.  30,  p. 
161S)  throws  some  doubt  on  the  accepted  view  tliat  the  suaoeptibllity  of  young  children  to  morphin  is 
greater  than  that  of  adults.  Wichura  also  found  that  the  therapeutic  doses  ot  oodein  preparations  ordl- 
oarily  recommended  for  children  in  pleuritic  cough  are  not  efleotiye  In  tills  oondttioiL 
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adult.  This  is  not  true,  however,  for  the  young  of  other  species. 
Cats  under  15  days  of  age  tolerate  twice  the  toxic  dose  ef  morphin 
for  the  adult  cat.  Young  beeves  and  goats  are  Ukewise  more  resistant 
to  this  alkaloid  than  adults.  On  the  other  hand,  according  to  Li  von,** 
young  guinea  pigs  are  more  sensitive  to  alkaloids  than  adults.  The 
toxicity  of  cafTein,  as  shown  in  the  present  investigation,  was  found 
to  be  less  in  the  young  than  in  the  adxdt.  In  dogs  the  young  subjects 
are  in  some  instances  almost  twice  as  resistant  as  adults.  The  differ- 
ence was  found  to  be  less  in  cats  and  rabbits  than  in  dogs,  but  it  was 
quite  marked. 

The  effect  of  season  on  the  toxicity  of  drugs  has  been  discussed  in 
the  section  on  the  experiments  on  guinea  pigs,  which  were  more  re- 
sistant to  caffein  in  the  fall  than  in  February  and  March.  The  effect 
of  season  seems  to  vary  with  the  animal,  but  it  may  also  differ  with  the 
substance  employed.  In  Noe's  "*  studies  on  this  subject  cantharidin 
was  found  to  be  more  toxic  for  the  hedgehog  in  November  than  in 
July.  The  effect  of  season  was  different  for  morphin,  as  it  was 
observed  that  the  resistance  of  the  hedgehog  was  greater  at  the  end 
of  the  summer  than  earlier  in  the  season. 

The  relation  of  diet  to  toxicity  of  drugs  has  been  studied  by  Hunt.* 
His  experiments  indicate  that  this  is  an  important  factor  in  the  resist- 
ance to  acetonitril.  The  studies  here  reported  on  the  effect  of  diet 
on  toxicity  of  caffein  in  rabbits  were  confined  to  experiments  with 
oats  and  carrots  and  do  not  show  any  modification  of  the  resistance 
to  caffein.  The  question  of  diet  in  chronic  intoxication  in  dogs,  how- 
ever, suggests  that  in  th^e  animals  diet  may  affect  the  toxicity  of 
caffein,  although  the  data  on  this  subject  are  far  from  satisfactory. 
There  is  nevertheless  sufficient  evidence  to  suggest  that  a  high  protein 
diet  for  the  adult  dog  tends  to  greater  resistance  of  the  animal  to 
caffein  and  similarly  the  growing  dog  tolerates  lai^er  quantities  of 
caffein  on  a  milk  diet  than  on  a  diet  of  meat. 

This  brings  us  to  a  consideration  of  the  behavior  of  caffein  in 
chronic  intoxication.  Although  in  both  rabbits  and  dogs  absence  of 
cumulation  was  evident,  in  other  respects  decided  differences  in  the 
resistance  to  caffein  were  observed.  While  the  rabbit  tolerates  more 
than  twice  the  single  dose  of  caffein  per  kilo  for  the  dog,  the  result  is 
quite  different  in  repeated  dosage  of  the  drug,  the  rabbit  succumbing 
to  continued  administration  of  much  smaller  doses  of  the  drug  than 
the  dog.  This  is  probably  due  to  lesions  of  the  gastro-intestinal  canal 
caused  by  caffein  which  occasions  loss  of  appetite  much  more  readily 
in  the  rabbit  than  in  the  dog.  The  abundant  energy  reserve  in  the 
dog  makes  it  possible  for  this  animal  to  stand  inanition  much  longer 
than  the  rabbit  and  other  herbivora.  The  difference  in  the  behavior 
of  the  rabbit  and  dog  toward  caffein  is  interesting  as  showing  complete 
reversal  of  resistance  in  acute  and  chronic  intoxication.     From  the 
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statement  in  the  introduction  it  is  evident  that  the  size  of  the  single 
toxic  or  lethal  dose  of  a  substance  is  in  no  wise  an  index  of  the  active 
degree  of  its  toxicity.  The  experiments  with  caffein  here  reported 
furnish  additional  evidence  that  this  is  true,  at  least  for  the  rabbit. 

GEITESAL  SXTMMABT  AHD  CONCLUSIONS. 

The  toxicity  of  caffein  in  the  rabbit  varies  with  the  mode  of  its 
administration,  being  least  when  given  by  mouth  and  greatest  by 
intravenous  administration.  The  toxicity  is  from  15  to  20  per  cent 
greater  by  subcutaneous  injections  than  by  mouth,  but  is  about  half 
of  that  when  injected  into  the  peritoneal  cavity.  No  difference  was 
observed  in  the  toxicity  of  caffein  whether  administered  into  gluteal 
or  into  the  lumbar  muscles.  When  introduced  by  this  route  the 
toxicity  was  foimd  to  be  less  by  one-third  than  when  it  is  injected 
into  the  peritoneal  cavity,  but  is  about  30  per  cent  more  toxic  than 
the  subcutaneous  injections.  White  or  black  rabbits  were  found  to 
be  less  resistant  to  caffein  than  gray  rabbits. 

The  resistance  of  the  guinea  pig  to  caffein,  as  of  the  rabbit,  is 
greatest  when  given  by  mouth.  The  minimum  fatal  dose  is  less  by 
intraperitoneal  injections,  but  greater  than  by  subcutaneous  injec- 
tions, thus  differing  from  the  rabbit  in  this  regard.  The  adult  cat 
is  less  resistant  than  the  guinea  pig  or  rabbit  to  caffein.  The  mini- 
mum lethal  dose  by  mouth  is  the  same  as  by  subcutaneous,  and  is 
less  than  by  intraperitoneal,  injection.  The  minimum  fatal  dose 
for  dogs  was  found  to  be  the  same  by  mouth  as  by  subcutaneous  in- 
jection and  is  almost  the  same  as  for  the  cat.  The  toxicity  of  caffein 
varies  in  the  guinea  pig  according  to  season  of  the  year. 

Age  is  Ukewise  a  factor  in  the  toxicity  of  caffein,  young  animals 
being  more  resistant  than  the. full-grown  and  older  animals;  this  was 
shown  in  experiments  on  rabbits,  cats,  and  dogs.  The  symptoms  of 
caffein  poisoning  also  were  different  in  puppies  and  in  full-^own  dogs. 
Different  diets,  such  as  carrots  and  oats,  did  not  influence  the  resist- 
ance of  rabbits  and  guinea  pigs  to  caffein.  Low  protein  diet  tends 
to  decrease  resistance  to  caffein  in  dogs.  Young  growing  dogs  are 
less  resistant  to  caffein  on  a  meat  than  on  a  milk  diet.  Caffein  is 
not  cumulative  in  the  rabbit  or  dog,  even  if  administered  for  a  con- 
siderable length  of  time.  Some  degree  of  tolerance  may  be  induced 
in  the  rabbit  under  certain  conditions,  but  not  in  dogs  imder  the 
conditions  of  the  experiments  made  in  this  investigation.  The  possi- 
bility, however,  that  dogs  may  acquire  tolerance  for  caffein  is  not 
excluded.  Although  the  rabbit  tolerates  a  much  larger  single  dose 
of  caffein  than  the  dog,  it  was  found,  in  experiments  on  chronic 
intoxication  that  the  rabbit  is  less  resistant  to  caffein  than  the  dog. 
The  toxicity  of  caffein  is  probably  increased  under  pathological  con- 
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ditions,  since  comparatively  smaller  doses  were  fatal  to  rabbits,  cats, 
and  dogs,  when  marked  lesions  not  due  to  caffein  were  fomid  at 
autopsy.  Glycosuria  was  observed  in  rabbits,  guinea  pigs,  and  cats 
when  caffein  was  given  in  sufficient  amounts. 

Table  18. — Acute  caffein  intoxication:  Table  shomng  average  minimum  toxic  and 
minimum  fatal  doses  for  adult  animals. 


Effect  of 
dose. 

Doee  per  kilo  (grams.) 

Animal. 

Subcata- 
neoualy. 

By  mouth. 

Intraper- 
itoneally. 

Intra- 
muscular. 

Intra- 
Teoons. 

Rabbit,  gray 

/Toxic... 
\Fatal.... 

/Toxic... 

0.15 
.30 

0.325 
.350 

0.100-0.125 
.160 

0.13-0.15 
.20 

ao5 

Rabbit  white  or  black 

0.10-  .16 

<^oliiea  pig 

\Fatal.... 

/Toxic... 
\Fatal.... 

/Toxic... 
\Fatal.... 

/Toxic... 

.20 

0.15-  .16 
.20-  .24 

.12-  .14 
.15 

.290 

.150 
a280-.300 

.125 
.150 

.100-  .120 
.140-.  150 

.200 
.240-  .250 

.126-. 150 
.180- .200 

Cat 

;;";;.;;".. 

Dog 

\Fatal.... 

. i5^ .  ie 

1 

NoTB.— The  doses  given  in  this  table  are  approximate. 
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LETTER  OF  TRANSMITTAL 


U.  S.  Department  of  Agriculture, 

Bureau  of  Chemistry, 
Washinffton^  D.  (7.,  June  12, 191L 
Sir:  I  have  the  honor  to  submit  for  your  approval  a  manuscript 
prepared  by  J.  F.  Breazeale  and  J.  A.  Le  Clerc,  plant  physiological 
chemists,  of  this  bureau,  on  the  growth  of  wheat  seedlings  as  affected 
by  acid  and  alkaline  conditions.     Although  the  results  herein  re- 
corded were  obtained  from  experiments  conducted  in  water  cultures, 
it  is  believed  that  their  interpretation  may  be  directly  applied  to 
practical  agriculture.    I  recommend  the  publication  of  this  manu- 
script as  Bulletin  No.  149  of  the  Bureau  of  Chemistry. 
RespectfuUv, 

H.  W.  WiMiY, 
Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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ILLUSTRATIONS 


Pace. 
Plate  I.  Pig.  a. — First  crop  of  plants,  grown  9  days  in  (1)  distilled  water ; 

(2)  distilled  water+calcium  carbonate;  (3)  sodium  nitrate; 
(4)  sodium  nltrate+calcium  carbonate.  Fig.  6. — ^First  crop 
of  plants,  grown  9  days  in  (1)  distilled  water;  (2)  distilled 
water+calcium.  carbonate;  (3)  sol.  6,  potassium  chlorid; 
(4)  sol.  6,  potassium  chlorid+caleium  carbonate;  (5)  sol.  9» 
hydrochloric  acid;  (6)  sol.  10,  hydrochloric  acid+calcium 
carbonate  8 

II.  Fig.  a. — First  crop  of  plants,  grown  9  days  in  (1)  distilled 
water;  (2)  distilled  water+calcium  carbonate;  (3)  sol.  7, 
potassium  sulphate;  (4)  soL  8,  potassium  sulphate +calcium 
carbonate;  (5)  sol.  11,  sulphuric  acid;  (6)  sol.  12,  sulphuric 
acld+calclum  carbonate.  Fig.  6. — First  crop  of  plants,  grown 
9  days  in  (1)   distilled  water;   (2)   sol.  3,  sodium  nitrate; 

(3)  sol.  7,  potassium  sulphate;  (4)  sol.  13,  sodium  nitrate+po- 
tassium   sulphate 8 

III.  Fig.  a. — Second  crop  of  plants,  grown  5  days  in  residual  solu- 
tions (1)  distilled  water;  (2)  distilled  water+caldum  car- 
bonate; (3)  sodium  nitrate;  (4)  sodium  nitrate+calcium  car- 
b<Hiate.  BHg.  b, — Second  crop  grown  5  days  in  residual  solu- 
tions (1)  distilled  water;  (2)  distilled  water+caldum  car- 
bonate; (3)  sol.  5,  potassium  chlorid;  (4)  soL  6,  potassium 
chlorid+calclum  carbonate;    (5)    sol.   9,  hydrochloric  acid; 

(6)  soL  10,  hydrochloric  acid+calcium  carbonate 12 
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ILLUSTRATIONS. 


PifE. 


rv.  Fig.  a. — Second  crop  of  plants,  grown  5  days  in  residnal  solu- 
tions (1)  distilled  water;  (2)  distilled  water +calciam  car- 
bonate; (3)  sol.  7,  potassium  sulphate;  (4)  sol.  8,  potassium 
sulphate +calcium  carbonate;  (5)  soL  11,  sulphuric  acid; 
(6)  sol.  12,  sulphuric  acid+calcium  carbonate.  Fig.  6. — 
Second  crop  of  plants,  grown  5  days  in  residual  solutions 
(1)  distiUed  water;  (2)  sol.  3,  sodium  nitrate;  (3)  soL  7, 
potassium  sulphate;  (4)  sol.  13,  sodium  nitrate  and  potassium 

3uli^iate 12 

V.  Fig.  a.— Crop  grown  5  days  in  (1)  distilled  water;  (2)  distilled 
water+aluminum  hydrate;  (3)  potassium  chlorid;  (4) 
potassium  chlorid+aluminum  hydrate;  (5)  hydrochloric  add; 
(6)  hydrochloric  acid+aluminum  hydrate.  Fig.  b. — Crop 
grown  6  days  in  (1)  distilled  water;  (2)  distilled  water4- 
aluminum  hydrate;  (3)  potassium  sulphate;  (4)  potassium 
sulphate +aluminum  hydrate;  (5)  sulphuric  acid 16 

VL  Fig.  a.— Crop  grown  5  days  in  (1)  distilled  water;  (2)  distilled 
water+aluminum  hydrate;  (3)  sodium  nitrate;  (4)  sodium 
nitrate+aluminum  hydrate;  (5)  sodium  hydrate;  (6)  sodium 
hydrate+aluminum  hydrate.  Fig.  b. — Crop  grown  5  days  in 
(1)    distilled   water;    (2)    sodium   nitrate;    (3)    potassium 

chlorid;  (4)  potassium  sulphate;  (5)  potas^um  nitrate 16 

Vn.  Fig.  a. — Crop  grown  5  days  in  (1)  distilled  water;  (2)  distilled 
water + ferric  hydrate;  (3)  potassium  chlorid;  (4)  potasidum 
chlorid+ferric  hydrate;  (6)  hydrochloric  acid;  (6)  hydro- 
chloric acid+ferric  hydrate.  Fig.  b, — Crop  grown  5  days  in 
(1)  distUled  water;  (2)  distilled  water+ferric  hydrate;  (3) 
potassium  sulphate;  (4)  potassium  sulphate+ ferric  hydrate; 

(5)  sulphuric  acid;  (6)  sulphuric  acid+ferric  hydrate 16 

VIII.  Fig.  a. — Comparison  of  entire  pan  of  wheat  plants  grown  in 
(1)  distilled  water:  (2)  potassium  sulphate;  and  (3)  potas- 
sium sulphate +calcium  carbonate.  Fig.  b. — Clover  plants 
grown  with  wheat  in  (1)  distilled  water;  (2)  distilled  water+ 
calcium  carbonate;  (3)  potassium  sulphate;  (4)  potassium 
sulphate+calcium   carbonate le 
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THE  GROWTH  OF  WHEAT  SEEDLINGS  AS  AFFECTED 
BY  ACID  OR  ALKALINE  CONDITIONS. 


INTBODUCTION. 

The  following  physiological  study  on  the  eflfect  of  the  reaction  of 
the  culture  medium  on  the  growth  of  wheat  seedlings  and  particu- 
larly on  the  development  of  the  root  was  undertaken  primarily  to 
determine  whether  or  not  the  results  obtiiined  in  practical  agriculture 
can  be  explained  in  the  laboratory  from  a  purely  scientific  standpoint. 

A  few  years  ago  Director  Thorne,  of  the  Ohio  experiment  station, 
called  the  attention  of  one  of  the  authors  to  peculiar  conditions  exist- 
ing on  certain  of  his  fertilizer  experiment  plots,  to  which  potassium 
chlorid  and  potassium' sulphate  had  been  applied  annually  for  the 
past  12  years.  These  plots  had  become  so  acid  that  it  was  found 
impossible  to  grow  clover  on  them.  Liming  one-half  of  each  plot 
had  restored  that  half  to  almost  its  original  fertility.  This  acidity, 
he  said,  was  due  to  the  selective  action  of  the  root,  doubtless  a  correct 
explanation  which  will  be  considered  in  detail  later. 

There  seems  to  be  a  natural  tendency  for  all  soils  to  become  acid 
under  continuous  culture,  due  chiefly  to  one  of  two  processes.  The 
primary  cause  of  this  acidity  is  the  decay  of  organic  matter,  leaves,  ♦ 
stems,  etc.,  which  during  decomposition  develop  acid-reacting  bodies. 
If  this  process  is  allowed  to  continue,  the  reaction  will  ultimately 
become  alkaline,  but  under  soil  conditions,  especially  if  the  aeration 
is  poor  and  the  water  level  high,  decay  is  apt  to' be  checked,  leaving 
the  soil  in  a  characteristic  acid  condition.  This  phase  of  soil  acidity, 
which  will  not  be  considered  in  this  bulletin,  has  been  studied  exten- 
sively during  the  past  few  years,  particularly  by  the  Rhode  Island  and 
Ohio  experiment  stations,  and  by  Mr.  Frederick  V.  Coville*  in  his 
elaborate  investigations  on  the  blueberry.  Peat  bogs  furnish  an 
exaggerated  case  of  acidity,  due  to  organic  matter.  The  secondary 
cause  of  soil  acidity  is  the  subject  of  the  investigation  herein  reported. 

^U.  S.  Dept.  Agr.,  Bureau  of  Plant  Industry  Bui.  193. 
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6  OEOWTH  OP  WHEAT  8EEDUNGS. 

EXPEBIMENTS  WITH  NTTTBIENT  SOLUTIONS  AND  DISTUXED 
WATEB  CXTLTXnBlES. 

DESCRIPTION  OF  SOLUTIONS  AND  METHOD  OF  SOWING. 

The  following  experiments  were  carried  on  in  nutrient  solutions 
and  in  distilled  water  cultures,  eliminating  the  disturbing  factors 
due  to  the  presence  of  soil  grains.  For  the  most  part  wheat  was  used 
on  account  of  the  ease  in  handling  the  young  seedlings.  The  seed, 
which  was  furnished  by  the  Pennsylvania  experiment  station,  was 
washed  with  warm  water  for  about  six  hours  and  then  sprinkled  on 
perforated  aluminum  disks  about  12  inches  in  diameter.  These  disks 
were  floated,  by  means  of  glass  tubes,  in  shallow  pans  which  held 
about  3  liters  of  water.  In  this  way  approximately  1,000  seeds  were 
used  in  each  pan.  The  preliminary  washing  removed  all  of  the 
readily  soluble  salts,  the  actual  amounts  so  removed,  as  has  been 
shown  by  the  authors  in  previous  experiments  *  of  this  kind,  being 
quite  large.  The  distilled  water  was  prepared  especially  for  this 
purpose  and  a  small  amount  of  carbon  black  was  placed  in  each  pan. 

After  some  preliminary  work  a  set  of  13  pans  was  started,  as  fol- 
lows: 

Solution  1.  Distilled  water. 

Solution  2.  Distilled  water  +  0.5  gram  of  calcium  carlK>nate. 

Solution  3.  150  parts  per  million  of  sodium  nitrate. 

Solution  4.  150  parts  per  million  of  sodium  nitrate  +  0.5  gram  of  calcium 
carbonate. 

Solution  5.  150  parts  per  million  of  potassium  chlorid. 

Solution  6.  160  parts  per  miUion  of  potassium  chlorid  +  0.5  gram  of  calcium 
carbonate. 

Solution  7.  160  parts  per  million  of  potassium  sulphate. 

Solution  8.  150  parts  per  milUon  of  potassium  sulphate  +  0.5  gram  of  calcium 
carbonate.  * 

Solution  9.  10  parts  per  million  of  hydrocli^oric  acid. 

Solution  10.  10  parts  per  miUion  of  hydrochloric  acid  4-  0.5  gram  of  calcium 
carbonate. 

Solution  11.  10  parts  per  million  of  sulphuric  acid. 

Solution  12.  10  parts  per  million  of  sulphuric  acid  -f  0.5  gram  of  calcium 
carbonate. 

Solution  13.  150  parts  per  million  of  sodium  nitrate  +  75  parts  per  miUioa 
of  potassium  sulphate. 

FIKST  CROP  OF  SEEDLINGS. 

These  cultures  were  started  January  24  and  grown  until  February 
2.  The  plants  were  then  harvested,  representative  samples  were 
selected  and  photographed,  and  the  others  were  dried,  weired,  and 
prepared  for  analysis.  The  photographs  are  shown  in  Plates  I 
and  II,  the  controls  being  the  same  in  each  case.    The  solutions  were 

» U.  S.  Dept.  Agr.,  Bureau  of  Chemistry  Bui.  138. 
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NUTRIENT  SOLUTIONS  AND  WATER  CULTURES.  7 

then  made  up  to  volume,  500  cc  withdrawn  for  analysis,  and  the 
remainder  saved  in  which  to  grow  a  second  crop. 

RecLction  of  the  residual  solution. — In  Table  1  are  shown  the  reac- 
tions and  titration  data  for  the  13  solutions  after  gathering  the  first 
crop ;  no  nitrates  and  only  a  trace  of  potash  remained  in  any  of  the 
solutions. 

Table  1. — Titration  of  the  culture  solutions  after  the  first  crop  was  harvested. 


No.  of 
solu- 
tion. 

Original  solution,  i 

Reaction  upon  boiling. 

Titration  of 

100  CO 
with  twen- 
tieth-nor- 
mal sodium 
hydrate. 

1 

Distilled  water 

Rifvhtiv  acid 

ec. 
0  1 

2 

Distilled  water+calcium  carbonate 

Ak<^1iTi4» 

3 

flodimnnltTiit«.....  

do 

4 

Sodiom  nitrate+caldum  carbonate 

do 

5 

PotaflffifiTn  chlorld 

Add    . . 

.8 

A 

Potassitun  chlorid+calcium  carbonate 

AlVHiln*., 

7 

Add ; 

1.2 

g 

Potassium  sulphate+calcium  carbonate 

Alkaline.  .      .,  . 

0 

Hydrochloric  acid , 

Add 

.1 

10 

Hydrocblorio  acid+calcium  carbcmate 

Alkaline 

11 

Solphurio  add 

Add 

.2 

12 

Alkaline 

13 

Sodium  nitrate+ potassium  suli^te 

do 

I  See  page  6  for  amounts  of  constituents  in  each  solution. 

Effects  of  sodium  nitrate. — In  Plate  I,  figure  a,  a  slight  improve- 
ment, especially  in  root  development,  is  noticed  in  the  distilled- 
water  cultures  when  calcium  carbonate  is  added,  but  no  appreciable 
difference  is  seen  when  the  calciimi  carbonate  is  added  to  the  sodium 
nitrate  solution.  By  reference  to  the  analysis  of  the  culture  solu- 
tions in  Table  1,  it  will  be  seen  that  control  No.  1,  at  the  close  of 
the  experiment,  showed,  upon  boiling,  a  slight  acid  reaction.  This 
was  probably  due  either  to  the  exudation  by  the  roots  of  some  acid- 
reacting  body  or  to  the  excretion  of  similar  bodies  by  the  seeds  them- 
selves. Nos.  2  and  4  were,  of  course,  alkaline  because  of  the  presence 
of  the  calcium  carbonate.  The  alkalinity  of  No.  3  was  due  to  the 
fact  that  all  of  the  nitrate  (NOg)  or  acid  radical  in  the  sodium  nitrate 
had  been  removed  by  the  plant,  while  some  of  the  sodium  or  alkaline 
radical,  being  less  rapidly  absorbed,  remained  in  the  solution,  form- 
ing, probably,  sodium  hydroxid.  This,  in  turn,  had  taken  up  carbon 
dioxid  and  was  existing  in  the  solution  as  sodium  bicarbonate. 

Relative  effects  of  potassium  chlorid  and  hydrochloric  acid. — In 
Plate  I,  figure  6,  are  shown  the  relative  eflfects  of  potassium  chlorid 
and  hydrochloric  acid  (solutions  5  and  6,  and  9  and  10).  The  plants 
removed  practically  all  of  the  potash  from  the  potassium  chlorid 
solution,  only  a  trace  remaining,  while  by  analysis  38  parts  per 
million  of  cUorin  out  of  a  total  of  71  still  remained  in  the  solution, 


Digitized  by 


Google 


Digitized  by 


Google 


Bui.  149.  Bureau  of  Chemistry,  U.  S.  D«|>t.  of  Agriculturo.  PLATE  I. 


Fig.  a.— First  crop  of  plants,  grown  9  days  in  (1)  distllied  water;  (2)  distilled  water +  calclunn 
carbonate;  (3)  sodium  nitrate;  (4)  sodium  nitrate  +  calcium  carbonate. 


Fig.  b.— First  crop  of  plants,  grown  9  days  in  (n  distilled  water;  (2)  distilled  water  +  calcium 
carbonate;  (3)  sol.  5,  potassium  chlorid;  (4)  sol.  6.  potassium  chlorid  +  calcium  car- 
bonate: (5)  sol.  9,  hydrochloric  acid;  (6)  sol.  10,  hydrochloric  acid  +  calcium  carbonate. 
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Bui.  149,  Bureau  of  Chemist^,  U.  S.  Oept.  of  Agriculture.  PLATE  II. 


Fig.  a.— First  crop  of  plants,  grown  9  days  In  (1)  distilled  water;  (2)  distilled  water  +  calcium 
carbonate;  (3)  sol.  7,  potassium  sulphate;  (4)  sol.  8,  potassium  sulphate  +  calcium  car- 
bonate; (5)  sol.  11,  sulphuric  acid;  (o)  sol.  12,  sulphuric  acid  +  calcium  carbonate. 


Fig.  b.— First  crop  of  plants,  grown  9  days  In  (1)  distilled  water;  (2)  sol.  3,  sodium  nitrate; 
(3)  sol.  7,  potassium  sulphate;  (4)  sol.  13,  sodium  nitrate  +  potassium  sulphate. 
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Table  2. — Dry  tceight  of  first  crop  of  plants. 
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No.  of 
solu- 
tion. 

Original  solution. 

100  tops. 

100  roots. 

100  Whole 
plants. 

1 

DiatlUed  water 

OraiM. 

1.013 

.953 

1.012 

.932 

1.088 

1.013 

1.055 

.933 

.870 

.888 

.914 

1.063 

.878 

Orarm, 
0.576 
.704* 
.625 
.673 
.466 
.639 
.467 
.672 
.320 
.677 
.392 
.682 
.628 

Oramt, 
2.041 

2 

Distilled  water+calcium  carbonate 

2.176 

3 

80<liqTn  pitTWte .       ,    .   , .               .     . 

2.090 

4 

2.185 

5 

p<4Yu«imn  fihh>rld 

2.213 

6 

Pot^uprivm  chlorid+cnldum  (*rbonat« 

2.247 

7 

Potaic^inm  milphate ,.  ,  .  . 

2.342 

8 

PntfMRinni  Fulphiiie+caMnni  carbonate 

2.288 

9 

Hydrochloric  acid. 

2.103 

10 

Hydrochloric  acid+calclom  carbonate 

2.185 

11 

Sulphuric  add 

1.910 

12 

Sulphuric  acid+OEdcium  carbonate 

2.092 

13 

ftodf nm  tiitrat*+i»otft«^lnm  sulphate 

2.055 

The  following  tabulation  shows,  the  increase  in  weight  of  one 
hundred  roots  in  each  case  when  lime  was  added : 


SohiUon. 

Oram. 

Solution. 

Oram. 

T>lfitilled  wat^r 

0.120 
.048 
.173 

Potassium  sulphate 

0.215 

Sodium  nitrate 

Hydrochloric  acid 

.257 

Potaasinni  chlorid.    .. 

Sulphuric  acid 

.290 

These  iSgures  indicate  that  the  least  increase  was  found  in  the 
sodium  nitrate  solution.  This  is  explained  by  Table  1,  which  shows 
that  even  when  sodium  nitrate  was  used  alone  the  solution  was 
alkaline  at  the  end  of  the  experiment,  and  therefore  the  further  use 
of  calcium  carbonate  simply  acted  as  a  stimulant  to  a  very  slight 
extent. 

The  weight  of  the  tops,  or  rather  of  the  stems  grown  in  solutions 
with  and  without  lime,  show  no  such  marked  difference,  indicating 
that  the  appearance  of  the  stems  of  young  wheat  seedlings  is  not 
always  a  criterion  of  the  vigor  of  the  plant  and  therefore  of  the 
probable  yield  of  the  mature  crop.  In  other  words,  the  root  system 
may  be  a  better  indicator  as  to  the  probable  success  of  a  crop  than 
the  appearance  of  the  portion  above  ground.  i 

The  effects  on  the  root  development,  due  to  the  acidity,  are  always 
easily  noticeable  in  water-culture  experiments  such  as  these,  but  in 
field  tests  the  results  of  applications  of  single  fertilizers,  for  example, 
potassium  chlorid,  potassium  sulphate,  ammonium  chlorid,  or  am- 
monium sulphate,  are  not  necessarily  apparent  in  so  short  a  time, 
due  to  the  fact  that  there  may  be  many  substances  in  soils  which 
neutralize  the  acid  thus  formed. 

Relative  effects  of  potassium  sulphate  and  svlphuric  acid, — ^In 
Plate  II,  figure  a,  are  shown  in  a  similar  way  the  comparative  effects 
of  potassium  sulphate  and  sulphuric  acid.  With  the  potassium  sul- 
phate the  plants  removed  all  of  the  potash,  but  left  57  out  of  a  total 
18110**— Bull.  14^—12 2 
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of  82  parts  per  million  of  sulphate  in  solution.  This  solutioa  showed 
on  analysis  29.4  parts  per  million  of  sulphuric  acid,  an  amount  more 
than  twice  as  large  as  that  originally  present  in  solution  11,  thus 
again  showing  the  extent  to  which  the  selective  action  of  roots  for 
one  radical  of  a  salt  may  be  carried.  Leclerc  du  Sablon  ^  put  forth 
the  theory  that  such  useful  ions  as  potassium  (K) ,  phosphorus  (PO4), 
nitrogen  (NO,),  and  iodin  (I)  combine  with  the  organic  substance  of 
the  plant,  thus  relieving  the  osmotic  pressure  within  the  plant  and 
permitting  a  still  larger  quantity  of  these  ions  to  be  absorbed.  On 
the  other  hand,  such  ions  as  chlorin  (CI)  and  sodium  (Na)  do  not 
form  this  organic  combination,  the  result  being  that  the  pressure 
inside  the  plant  soon  equals  that  outside,  and  the  plant  is,  therefore, 
satisjfied  with  a  relatively  small  amount  of  them. 

Of  the  10  parts  per  million  of  sulphuric  acid  pres^it  in  solution 
11,  all  but  4.9  parts  per  million  disappeared.  The  appearance  of 
the  plant  roots  in  the  potassium  sulphate  solution  was  even  worse 
than  that  of  those  grown  in  potassium  chlorid.  Maze'  obtained 
results  which  may  be  similarly  interpreted  in  his  experiments  in 
growing  com  in  water  cultures.  He  found  that  when  ammonium 
sulphate  was  used  the  crop  was  not  so  well  developed  as  when  am- 
monium chlorid  was  applied.  Calcium  carbonate  overcame  the  in- 
jurious effects  in  these  as  in  the  preceding  cultures,  thus  again  show- 
ing how  beneficial  it  is  to  the  crop  to  maintain  the  alkalinity  of  the 
culture  medimn. 

'  The  effect  of  sodium  nitrate  and  potassium  sulphate  separately  and 
in  combination. — In  Plate  II,  figure  6,  are  shown  the  cultures  of  sodium 
nitrate  (alkaline  reacting),  potassimn  sulphate  (acid  reacting) ,  and  a 
mixture  of  the  two.  The  mixture  was  prepared  so  as  to  become  alka- 
line and  produce  good  plants,  and  it  did  so.  In  this  case  the  nitrate  of 
the  sodium  nitrate  and  the  potassium  of  the  potassium  sulphate  were 
drawn  up  into  the  plant,  while  the  sodium  left  in  solution  from  the 
sodium  nitrate  combined  with  the  sulphate  from  the  potassium  sul- 
phate to  form  sodium  sulphate,  with  a  sufficient  excess  of  sodium  to 
make  the  solution  alkaline. 

Discussion  of  data  obtained  on  the  first  crop. — All  of  the  culture 
solutions  to  which  no  sulphate  was  added ;  that  is,  the  sodium  nitrate, 
the  hydrochloric  acid,  and  the  distilled  water  cultures,  contained  a 
small  amount  of  SO4,  due  probably  to  its  excretion  from  the  seed. 
In  solutions  7  and  8,  however,  containing  150  parts  per  million  of 
potassium  sulphate,  the  amounts  of  SO^  were  noticeably  large,  57  out 
of  the  87  parts  per  million  being  found  in  the  solution.  This  was 
about  6  times  more  than  was  found  in  the  sulphate-free  solutions 
and  would  seem  to  indicate  that  the  plant  at  this  stage  does  not 

>  Dfigagement  d'eau  par  lea  plantes,  Bey.  g^n.  Bot,  1909,  tl:  295. 
•Compt  rend.,  1911,  /5f;783. 
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require  much  more  than  25  to  30  parts  per  million  of  SO4,  since  a 
much  larger  amount  was  at  their  disposition  during  the  whole  period 
without  any  larger  amount  being  absorbed.  These  two  solutions, 
Nos.  7  and  8,  containing  87  parts  per  million  of  SO4  and  63  parts 
per  million  of  potash,  respectively,  show  very  clearly  to  what  extent 
selective  action  is  practiced  by  the  roots.  At  the  end  of  the  experi- 
ment all  of  the  potash  had  been  taken  up  by  the  plant,  while  only 
30  parts  per  million  of  SO4  were  thus  absorbed. 

Solutions  5  and  6  show  the  same  selective  process  going  on  in  the 
case  of  potassiiun  chlorid.  These  solutions  contained  at  the  begin- 
ning of  the  experiment  79  parts  per  million  of  the  potash  ion  and  71 
parts  per  million  of  the  chlorid  ion.  At  the  end  of  the  experiment 
no  potash  was  foimd  in  the  solution,  indicating  that  the  plant  had 
absorbed  the  whole  of  this  element,  while  35  to  38  parts  per  million 
of  chlorid  were  still  present.  These  results  are  at  variance  with 
those  obtained  by  J.  de  Rufz  de  Lavison,^  who,  after  growing  the 
young  seedling  five  days  in  twentieth-normal  potassium-chlorid  solu- 
tion, found  that  the  concentration  of  the  solution  was  about  equal 
to  that  originally  used.  The  probable  reason  for  such  a  deduction 
is  that  a  potassium-chlorid  solution  of  twentieth-normal  strength 
is  equivalent  to  3,700  parts  per  million,  a  solution  so  strong  that  even 
if  the  plant  did  exercise  a  normal  selective  action  of  30  to  50  parts 
per  million,  it  would  be  most  difficult  to  detect  such  a  change  in  a 
solution  of  the  concentration  mentioned. 

The  pans  containing  (1)  the  control,  (2)  the  potassium-sulphate 
solution,  and  (3)  the  potassium  sulphate  with  calcium  carbonate,  as 
given  in  Plate  VIII,  figure  a,  show  that  the  differences  in  the  de- 
velopment of  the  roots  are  marked  and  that  the  few  plants  selected 
for  the  plates  previously  shown  were  not  exceptions  to  the  rule.  In 
every  case  the  plants  grown  in  the  presence  of  lime  presented  a 
healthier  and  more  vigorous  appearance  than  those  grown  in  the 
corresponding  solutions  without  lime. 

While  the  tops  of  the  plants  grown  in  the  culture  solutions  con- 
taining calcium  carbonate  were  larger  and  presented  a  much  better 
appearance  than  the  others,  yet  their  dry  weight  was  not  necessarily 
greater;  on  the  other  hand,  the  dry  weight  of  the  roots  was  increased 
in  every  case  by  the  addition  of  calcium  carbonate. 

Although  the  original  seeds  and  the  seedlings  all  contained  sulphur 
in  organic  combination,  yet  no  weighable  amount  of  inorganic  sul- 
phate was  found  in  the  ash  of  the  plants,  except  in  those  to  which 
sulphate  or  sulphuric  acid  had  been  added. 

In  the  solutions  to  which  calcium  carbonate  had  been  added  the 
carbon  dioxid  which  was  given  off  by  the  roots  combined  with  the 

^  Da  rOie  ^ectlf  de  la  raclne  dans  rabsorption  des  sels.     Comp.  rend.,  1910,  151: 675. 


Digitized  by 


Google 


Digitized  by 


Google 


Bui.  149.  Bureau  of  Ch«miBtry,  U.  S.  D«|>t.  of  Agriculture.  PLATE  III. 


Fig.  a. — Second  crop  of  plants,  grown  5  days  in  residual  solutions  (1)  distilled  water;  (2)  dis- 
tilled water  +  calcium  carbonate;  (3)  sodium  nitrate;  (4)  sodium  nitrate  +  calcium 
carbonate. 


Fig.  b. — Second  crop,  grown  5  days  in  residual  solutions  (1)  distilled  water;  (2)  distilled  water 
+  calcium  carbonate;  (3)  sol.  5.  potassium  chlorld;  (4)  sol.  6,  potassium  chlorid  +  calcium 
carbonate;  (5)  sol.  9,  hydrochloric  acid;  (6)  sol.  10.  hydrochloric  acid  +  calcium  carbonate. 
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Fig.  a. — Second  crop  of  plants,  grown  5  days  In  residual  solutions  (1)  distilled  water;  (2) 
distilled  water  +  calcium  carbonate;  (3}  sol.  7,  potassium  sulphate;  (4)  sol.  8,  potassium 
sulphate  +  calcium  carbonate;  (5)  sol.  11,  sulphuric  acid;  (6)  sol.  12,  sulphuric  acid  +  cal- 
cium carbonite. 


Fig.  b.— Second  crop  of  plants,  grown  5  days  In  residual  solutions  (1)  distilled  water;  (2) 
sol.  3,  sodium  nitrate;  (3)  sol.7,  potassium  sulphate;  (4)  sol.  13,  sodium  nitrateand  potas- 
sium sulphate. 
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Effects  of  sodium  nitrate. — By  reference  to  Plate  III,  a  marked 
difference  will  be  noted  between  the  distilled  water  control  and  the 
distilled  water  with  calcium  carbonate,  a  difference  much  greater 
than  was  shown  in  growing  the  first  crop  (see  Plates  I  and  II).  It 
will  also  be  noticed  from  Table  3  that  the  acidity  of  the  solution  has 
increased  threefold  since  the  first  cropping.  Solution  3,  Table  3,  con- 
taining sodium  nitrate,  which  was  alkaline  after  the  first  cropping, 
has  now  also  become  acid.  The  sodium  evidently  either  was  ab- 
sorbed by  the  plant  or  was  neutralized  by  some  organic  acid.  Solu- 
tions 2  and  4,  of  course,  remained  alkaline. 

Relative  effects  of  potassium  chlorid  and  hydrochloric  acid. — In 
Plate  III,  figure  &,  the  relative  effects  of  potassium  chlorid  and 
hydrochloric  acid  are  again  shown.  The  plants  grown  in  the  potas- 
sium chlorid  solution,  which,  when  the  second  crop  was  sown,  con- 
tained no  potash  but  a  considerable  amount  of  acid,  made  prac- 
tically no  root  growth  and  a  very  poor  leaf  development.  On  the 
other  hand,  the  plants  grown  in  the  hydrochloric-acid  solution  which 
contained  only  one-eighth  as  much  acid  made  a  much  better  growth 
both  in  roots  and  tops. 

Relative  effects  of  potassium  sulphate^  sodium  nitrate^  and  sul- 
phuric acid. — In  Plate  IV,  figure  a,  are  shown  the  residual  effects  of 
the  potassium  sulphate  and  sulphuric  acid.  What  has  just  been 
said  of  the  potassium-chlorid  plants  and  the  hydrochloric-acid  plants 
is  in  the  main  true  of  the  potassium-sulphate  plants  and  the  sul- 
phuric-acid plants  also.  Figure  b  illustrates  the  residual  effect  of 
sodium  nitrate  and  potassium  sulphate  used  singly  and  in  com- 
bination. 

COMPARISON  OF  THE  FIRST  AND  SECOND  CROPS. 

A  striking  difference  will  be  noticed  between  the  plants  grown  in 
the  potash  solutions  in  the  first  and  second  crops,  when  no  calcium 
carbonate  was  present.  The  plants  in  the  first  crop  had  practically 
as  much  acidity  to  contend  with  during  the  latter  days  of  their 
growth  as  the  plants  of  the  second  crop  had  during  the  first  few 
days  of  their  growth,  yet  the  first  crop  was  much  better  than  the 
second  crop.  This  difference  was  not  due  to  the  fact  that  the  second 
crop  was  deficient  in  potash,  for  the  control  pans  containing  calcium 
carbonate  but  no  potash  gave  excellent  plants.  It  is  to  be  noted  that 
the  first  crop  had  to  contend  only  with  a  gradually  increasing  amount 
of  acidity  due  to  the  absorption  of  potash  from  the  solution  in  which 
it  was  growing,  and  it  was  therefore  able  to  accommodate  itself  and 
to  endure  much  more  acidity  than  if  it  had  been  placed  in  the 
stronger  acid  solution  at  first,  as  was  done  in  the  case  of  the  second 
crop.  It  has  been  shown  by  Mr.  Jensen,  of  the  Bureau  of  Plant 
Industry,  in  a  piece  of  unpublished  work,  that  the  enzymic  activity 
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of  a  wheat  seedling  is  greatest  during  the  first  few  days  of  its 
growth,  this  being  especially  true  of  the  oxydases  and  p«roxydases 
of  the  root  tip.  These  enzyms  are  particularly  sensitive  to  acids, 
and  their  destruction  would  mean  a  cessation  of  growth.  The  first 
crop  had  evidently  passed  the  critical  period  with  reference  to  this 
enzymic  activity  before  the  acidity  of  the  solution  had  developed  to 
such  a  degree  as  to  prohibit  it.  When  the  second  crop  was  plac^  in 
the  solution  the  acidity  was  high  enough  to  practically  prohibit  the 
action  of  the  enzyms  and  the  plants  were  unable  to  tide  over  this 
critical  period.  The  eflPect  of  toxic  bodies  upon  the  oxydases  and 
peroxydases,  that  are  so  active  during  the  first  few  days  of  a  plant's 
growth,  is  an  important  factor  both  in  agricultural  practice  and  in 
scientific  research  and  one  that  is  often  overlooked. 

Many  substances  that  are  classified  as  plant  stimulants  or  depres- 
sants no  doubt  derive  their  reputation  in  a  great  measure  from  their 
effect  upon  the  enzyms.  Their  beneficial  or  injurious  effects  would 
only  be  noticed  during  the  first  few  days  of  the  plant's  growth  when 
its  enzymic  activity  is  so  pronounced. 

It  will  be  noticed  in  the  case  of  the  second  crop  that  the  alkalinity 
of  the  solution  increased  both  the  green  and  the  dry  weight  of  the 
tops  and  the  dry  weight  of  the  roots.  In  the  case  of  the  residual  seeds 
that  were  removed  from  the  plants  the  reverse  is  true.  The  presence 
of  an  acid  in  the  solution  prevented  the  food  material  that  was  stored 
up  in  the  seed  from  being  transported  into  the  plant.  The  residual 
seeds  were  therefore  much  lighter  when  calciimi  carbonate  was  pres- 
ent than  when  it  was  absent. 

After  the  second  crop  had  been  grown  in  the  solutions  described 
for  five  days  the  plants  were  harvested,  separated  into  tops,  roots, 
and  residual  seeds,  and  each  part  dried  and  weighed  separately.  The 
respective  solutions  were  likewise  all  tested  for  acidity  and  the  pres- 
ence of  nitrates  and  potash.  Tables  3  and  4  (see  page  12)  show 
the  results  obtained,  and  a  comparison  with  Tables  1  and  2  (pp.  7 
and  9),  respectively,  will  bring  out  some  interesting  changes  in  the 
residual  solution.  After  the  first  cropping  solution  1  was  slightly 
acid,  hut  after  harvesting  the  second  crop  it  was  three  times  as  acid. 
Solutions  3  and  13  after  the  first  cropping  were  alkaline,  but  after 
the  second  one  both  solutions  had  become  quite  acid.  Analysis  of 
solution  3  showed  that  while  at  the  beginning  there  were  40.5  parts 
per  million  of  sodium  (Na),  after  gathering  the  second  crop  only 
8  parts  per  million  remained  in  solution.  The  difference  shows  the 
probable  amount  of  sodium  absorbed  by  the  two  crops.  Not  only 
was  the  amount  thus  reduced  from  40.5  to  8  parts  per  million,  but 
the  presence  of  this  small  amount  of  sodium  seemed  to  stimulate  an 
acid  excretion  on  the  part  of  the  plants  to  such  an  extent  that  the 
alkaline  solution  was  not  only  neutralized  but  was  made  even  more 
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acid  than  the  distilled  water  culture.  On  testing  for  chlorin,  after 
the  second  cropping,  it  was  shown  that  only  mere  traces  of  that  ele- 
ment were  found  in  any  of  the  solutions  except  Nos.  5  and  6,  in  which 
potassium  chlorid  was  used.  Even  in  solutions  9  and  10,  to  which  10 
parts  per  million  of  hydrochloric  acid  were  originally  added,  only 
traces  of  chlorin  were  found.  The  amounts  of  chlorin  found  in  solu- 
tions 6  and  6  after  the  second  cropping  were  approximately  5  parts 
per  million  on  an  average,  or  about  one-seventh  as  much  as  was  pres- 
ent after  the  first  crop  was  grown.  In  a  similar  test  for  sulphuric 
acid  in  the  various  solutions  it  was  shown  that  they  all  contained 
appreciable  amounts,  but  that  solutions  7,  8,  and  13,  which  had  been 
treated  with  potassium  sulphate,  contained  about  two  to  three  times  as 
much  sulphuric  acid  as  the  others.  This  acid  was  apparently  either 
not  absorbed  to  the  extent  that  the  chlorin  was  or  else  was  excreted 
by  the  roots  in  a  larger  quantity. 

The  weights  of  the  roots  in  both  crops  and  of  the  stems  in  the 
second  one,  when  grown  with  lime,  were  much  greater  than  when 
grown  without  it.  The  weight  of  the  residual  seed,  on  the  other 
hand,  was  greater  in  the  unlimed  solutions,  thus  indicating  that  in 
an  alkaline  medium  the  process  of  translocation  of  the  seed  constitu- 
ents goes  on  more  readily  and  completely  than  under  the  influence  of 
an  acid  reaction. 

EZPEBIMENTS  USIN/a  ALTTMIKXTM  AND   FEBBIC  HYDBOXTDS  TO 
BEDUCE  ACIDITY  OF  SOLUTION. 

A  second  series  of  experiments  was  made,  using  aluminum  hydrate 
instead  of  calcium  carbonate  to  keep  the  solutions  from  becoming 
acid.  This  aluminum  hydrate  was  prepared  from  aluminum  sul- 
phate by  precipitation  with  ammonium  hydrate  and  was  washed  free 
from  impurities.  It  was  not  allowed  to  dry,  but  was  added  as  a  thick 
cream.  Carbon  black  was  kept  in  all  of  the  cultures  as  in  the  calcium 
carbonate  series.  Plate  V  shows  the  eflPect  of  the  aluminum  hydrate 
used  instead  of  lime  in  the  solutions  containing  potassium  chlorid, 
hydrochloric  acid,  potassium  sulphate,  and  sulphuric  acid.  The 
results  after  the  plant  had  grown  five  days  indicate  that  many  sub- 
stances, which  are  capable  of  neutralizing  the  acid  of  the  culture 
medium  and  of  keeping  it  alkaline,  may  be  of  benefit  to  the  seedling. 

In  Plate  VI,  figure  a,  is  shown  the  relative  effect  of  the  addition 
of  alimiinum  hydrate  to  solutions  containing  150  parts  per  million 
of  sodium  nitrate  and  10  parts  per  million  of  sodium  hydrate. 
There  is  no  difference  between  the  two  crops,  and  the  aluminum 
hydrate  failed  to  produce  any  effect  upon  either.  This  indicates 
that,  at  this  stage  of  growth  at  least,  the  reaction  of  the  solution  is 
of  more  importance  than  the  added  plant  foods. 
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Plants  were  withdrawn  from  these 
to  show  the  effect  of  the  potassium  n 
line  reaction  to  the  solution  and  p 
^'  fishhooks ''  on  the  roots  of  the  poti 
in  this  plate  also  (No.  4). 

The  experiment  with  aluminum  h^ 
hydrate.  This  was  prepared  from 
with  ammonium  hydrate  and  was  i 
purities  in  order  to  insure  freedom 
A  blank  culture  solution  prepared  w: 
less  than  0.5  part  per  million  of  am 
are  shown  in  Plate  VII,  and  when 
plates  show  that  the  same  general 
calcium  carbcxiate,  aluminum  hydrat 
keep  down  the  acidity. 

EZPEBIMEirrS  USINa  CLOVEB  A] 

Another  experiment  was  made  wit] 
cium  carbonate  to  neutralize  the  a 
sprinkled  upon  pieces  of  bolting  clc 
the  aluminum  disks,  and  grown  with 
found  impossible  to  obtain  satisfactc 
plants,  but  both  the  timothy  and  the 
as  did  the  wheat  plants,  and  were  e"' 
A  few  of  the  clover  plants  are  shown 

Both  with  the  wheat  and  the  clover 
chlorid  was  not  so  harmful  as  that  of 
every  case  a  much  better  root  dev 
potassium  chlorid  solutions. 

\\T:iile  it  is  a  well-known  fact  that  i 
their  absorptive  action  stimulate  the 
culture,  the  objection  to  the  presence 
ferric  hydrate,  or  aluminum  hydrat 
is  overcome  by  the  fact  that  another 
all  alike,  and  that  this  solid  has  as 
either  of  the  others. 

It  is  also  clearly  evident  that  a  si 
ample,  is  not  taken  into  the  plant  a 
(K2SO4),  but  rather  as  an  ion  (K). 
(K2SO4)  is  applied  to  the  soil  as  a 
and  dissociates — ^that  is,  splits  apart 
The  potassium  is  taken  up  as  the  io: 
SO4  radical  remains  in  solution  and  c 
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Fig.  a. — Crop  grown  5  days  in  (1)  distilled  water;  (2)  distilled  water  +  aluminum  hydrate; 
(3)  potassium  chlorid;  (4)  potassium  chlorid  +  aluminum  hydrate;  (5)  hydrochloric  acid; 
(6>  hydrochloric  acid  +  aluminum  hydrate. 


FIC-  b. — Crop  grown  5  days  in  (1)  distilled  water;  (2)  distilled  water  +  aluminum  hydrate; 
(^)  potassium  sulphate;  (4)  potassium  sulphate  +  aluminum  hydrate;  (5)  sulphuric  acid. 
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Bui.  149,  Bureau  of  Chemistry,  U.  S.  Dept.  of  Agricultur*.  PLATE  VI. 


Fig.  a.— Crop  grown  5  days  in  (1)  distilled  water;  (2)  distilled  water  +  aluminunr)  hydrate; 
(3)  sodium  nitrate:  (4)  sodium  nitrate  +  aluminum  hydrate;  (5)  sodium  hydrate;  (6) 
sodium  hvdrate  +  aluminum  hvdrate. 


sodium  hydrate  +  aluminum  hydrate 


Fig.  b.— Crop  grown  5  days  in  (1)  distilled  water;  (2)  sodium  nitrate;  (3)  potassium  chlorld; 
(4)  potassium  sulphate;  (5)  potassium  nitrate. 
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Bui.  149,  Bureau  of  Chemistry.  U.  S.  D«pt.  of  Agriculture.  PLATE  VII. 


Pig,  a.'Crop  grown  5  days  in  (1)  distilled  water;  (2)  distilled  water  +  ferric  hydrate;  (3) 
potassium  chlorld;  (4)  potassium  chlorld  4- ferric  nyd rate;  (5)  hydrochloric  acid;  (6)  hy- 
drochloric acid  +  ferric  hydrate. 


Fig.  b.— Crop  grown  5  days  in  (1)  distilled  water;  (2)  distilled  water  +  ferric  hydrate;  (3) 
potassium  sulphate;  (4)  potassium  sulphate  +  ferric  hydrate;  (5)  sulphuric  acid;  (6)  sul- 
phuric acid  +  ferric  hydrate. 
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Plate  VIM. 


Fig.  a.— Comparison  of  entire  pan  of  wheat  plants  grown  in  (1)  distilled  water;  (2)  potassium 
sulphate;  and  (3)  potassium  sulphate  +  calcium  carbonate. 


Fig.  b.— Clover  plants  grown  with  wheat  in  P)  distilled  water;  (2)  distilled  water  +  calcium 
carbonate;  (3)  potassium  sulphate;  (4)  potassium  sulphate  -f  calcium  carbonate. 
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sulphuric  acid/    This  is  a  great  secondary  source  of  soil  acidity  and 
clearly  illustrates  the  faculty  of  selective  absorption  by  the  plant. 

CONCLUSIONS. 

The  agricultural  significance  of  the  physiological  study  described 
in  this  bulletin  will  be  evident  from  the  following  discussion.  When 
a  soil  is  in  good  tilth  with  an  optimum  moisture  content,  each  grain 
is  surro.unded  by  a  film  of  water.  The  plant  root  comes  in  contact 
with  this  film,  and  from  it  draws  the  water  and  the  mineral  salts 
necessary  for  growth.  Expressed  in  physical  terms,  this  film  is  in 
equilibrium  with  the  soil — ^that  is,  if  the  soil  grain  contains  a  sili- 
cate of  potassium,  as  feldspar,  for  example,  the  water  composing  the 
film  will  bring  into  the  solution  about  eight  parts  per  million  of 
potash.  If  some  of  this  potash  is  removed  by  the  plant  more  will  go 
into  solution,  and  the  concentration  of  the  film  will  remain  fairly 
constant  as  long  as  any  feldspar  remains  in  the  soil  grain. 

Although  a  diflference  of  opinion  exists  as  to  how  the  plant  foods 
are  brought  into  solution,  whether  by  the  action  of  water,  by  carbon 
dioxid,  or  by  acids  which  are  exuded  by  the  root  tips,  all  agree  that 
it  is  absolutely  necessary  for  them  to  be  in  solution  before  they  can 
be  taken  up  by  the  plant.  The  soil  may,  therefore,  be  considered  as 
a  storehouse  of  reserve  material,  while  the  film  of  soil  solution  may 
be  considered  as  a  plain  nutrient  solution  in  which  the  plant  grows. 
Whether  this  soil  solution  is  acid  or  alkaline  is  one  of  the  most 
important  factors  in  plant  growth,  as  has  been  noted  in  the  foregoing 
physiological  study. 

The  acidity  or  alkalinity  determines  to  a  great  extent  not  only 
the  particular  kind  of  crop  to  be  grown  upon  the  soil,  but  also  the 
yield  of  the  crop.  No  one  would  think  of  trying  to  grow  alfalfa  in 
a  peat  bog  or  cranberries  in  a  limestone  soil.  On  the  other  hand,  a 
soil  which  is  naturally  alkaline  will,  imder  continuous  cropping  with 
a  rotation  containing  clover,  for  example,  give  smaller  and  smaller 
yields  as  the  alkalinity  is  diminished,  until  it  will  be  found  impos- 
sible to  grow  this  legimie  on  account  of  the  acidity  of  the  soil.    This 

^In  this  connection  mention  should  be  made  of  the  experiments  of  Micheels  (Action 
dee  llqnldes  anodiques  et  cathodlques  sur  la  germination.  Bull.  Acad.  Roy.  Belg.,  Classe 
dee  Sd.,  1910,  5:391),  who  studied  the  effect  on  wheat  seedlings  of  an  electric  current 
produced  by  a  pile  of  24  Daniell  cells,  when  passing  through  yarious  nutrient  solutions ; 
and  who  found  that  the  plants  grown  near  the  anode  developed  roots  whose  length  varied 
from  10  to  25  mm,  while  those  plants  in  the  cathode  solution  possessed  roots  from  140 
to  150  mm  in  length.  Similar  results  were  obtained  in  nutrient  solutions  containing 
sodium  chlorid,  potassium  chlorid,  potassium  nitrate,  sodium  nitrate,  and  mixtures  of 
these.  A  second  crop  being  grown  in  each  of  these  solutions,  even  after  the  electric 
current  was  discontinued,  similar  results  were  obtained  as  with  the  first  crop,  due  to 
modifications  brought  about  in  the  solution.  From  our  investigations,  the  injurious 
effects  noted  at  the  anode,  as  seen  from  the  length  of  the  roots,  could  well  be  attributed 
to  the  formation  of  acid,  while  near  the  cathode,  the  solution  being  alkaline,  the  con- 
ditions were  reversed  and  therefore  favorable  for  root  development. 
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phenomenon  has  been  often  noted  in  the  limestone  regions,  paitica- 
larly  in  the  Shenandoah  Valley  of  Virginia,  where  soils  derived  frwii 
limestone  rocks,  and  even  now  having  the  undecomposed  limestone 
within  a  few  feet  of  the  surface,  have  become  so  acid  that  dover 
can  no  longer  be  advantageously  grown.  Ground  limestone  applied 
to  the  surface  soil  will  often  restore  its  original  fertility. 

The  heavy  clay  soils  from  which  bricks  are  made  are  always  acid, 
have  a  high  lime  requirement,  and  are  usuaUy  v^y  unproductive. 
The  oxids  of  iron  exist  in  such  soils  in  a  finely  divided  colloidal  form 
brought  about  by  an  acid  condition,  and  they  are  usually  remedied 
by  an  application  of  lime.  The  poisonous  properties  of  subsoils  also 
may  be  due  in  a  large  measure  to  their  acid  character. 

Investigators  working  with  solution  cultures  and  using  single 
«alts  might  do  well  to  take  into  consideration  the  reaction  of  the 
solutions  after  the  plants  have  been  placed  in  them.  The  moment 
seedlings  are  placed  in  a  solution  of  potassium  sulphate  a  rapid 
absorption  of  potash  begins  with  a  consequent  formation  of  sulphuric 
acid.  This  sulphuric  acid  is  a  disturbing  factor  and  oth^  sub- 
stances placed  in  the  solution  and  kept  under  observation  mi^t 
owe  their  apparent  beneficial  effect  to  the  fact  that  they  simply  act 
as  bases,  but  in  themselves  have  no  direct  influence  upon  the  plant 
In  field  culture  the  residual  injurious  effect  of  an  application  of 
sulphate  and  chlorid  of  potash  can  be  overcome  by  mixing  the 
fertilizer  with  about  twice  its  weight  of  lime. 

In  the  experiments  here  recorded  it  is  shown  that  the  seedlings 
grown  in  culture  solutions  containing  potassium  chlorid,  potassium 
sulphate,  or  hydrochloric  or  sulphuric  acid  solutions  (10  parts  per 
million),  exert  a  selective  action  whereby  the  potash  ion  is  absorbed 
by  the  roots,  while  the  chlorid  or  sulphate  ion  is  for  the  most  part 
left  in  solution.  This  causes  the  solution  to  become  acid,  whidi  in 
turn  acts  injuriously  on  the  root  development 

The  addition  of  lime  or  iron  or  aluminiun  hydrate  to  culture 
mediums  containing  potassium  chlorid,  potassium  sulphate,  hydro- 
chloric acid,  or  sulphuric  acid,  keeps  these  solutions  alkaline  so  that 
they  then  act  favorably  on  the  root  development.  This  woidd  tend 
to  explain  why  field  applications  of  sulphate  or  muriate  of  potash  in 
time  render  the  soil  acid,*  and  why  the  continued  use  of  Chile  salt- 
peter produces  an  alkaline  condition  of  the  soiL 

^At  the  Wobum  Experiment  Station  it  has  been  amply  shown  that  a  continnoiis  ap- 
plication of  ammonium  sulphate  renders  the  soil  so  acid  as  to  cause  the  crop  to  be  almost 
an  absolute  failure.  Adjacent  plats,  likewise  treated  with  ammonium  sulphate,  but  alto 
given  an  application  of  lime,  have  continued  to  yield  crops  as  large  as  are  produced  b/ 
still  other  plats  treated  with  sodium  nitrate  only. 
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